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SYSTEMS AND METHODS FOR
CONTROLLING AN X-RAY IMAGING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2019/089646 filed on May 31, 2019,
which claims priority of Chinese Patent Application No.
201810965672.4 filed on Aug. 23, 2018, Chinese Patent
Application No. 201811518714.6 filed on Dec. 12, 2018,
and Chinese Patent Application No. 201810548288.4 filed
on May 31, 2018, the entire contents of each of which are
hereby incorporated by reference.

TECHNICAL FIELD

The present disclosure generally relates to imaging device
operation, and more particularly, relates to systems and
methods for controlling an X-ray imaging device.

BACKGROUND

An X-ray imaging device is a medical imaging equipment
commonly used in diagnosis and treatment. In order to view
internal organs (e.g., the organs under the skin tissue) of a
patient, the X-ray imaging device may be caused to radiate
the patient with X-rays to generate an image of the internal
organs. An operator may adjust the position of the X-ray
imaging device according to the image displayed on a
screen. By simply watching the image, which shows the
positions of the internal organs in an image coordinate
system, the operator cannot quickly and accurately locate the
organs in the coordinate system where the patient locates
(e.g., the world coordinate system). As a result, the operator
may need to adjust the X-ray imaging device multiple times
and gradually locate the positions of the organs, which
extends the operation time and increase the dose of X-rays
exposed to the patient. Therefore, it is desirable to provide
systems and methods for controlling the X-ray imaging
device in a more efficient way.

SUMMARY

In some aspects of the present disclosure, a method is
provided. The method may be implemented on a computing
device having one or more processors and one or more
storage media. The method may include causing an X-ray
source to emit X-rays to irradiate a subject. The method may
further include generating an X-ray image of the subject.
The X-ray image may be generated using a detector that is
arranged to face the X-ray source to detect a portion of the
X-rays that pass through the subject. And the method may
further include causing to project, using an optical projec-
tion device, the X-ray image of the subject on a surface of
the subject.

In some embodiments, the causing to project, using an
optical projection device, the X-ray image of the subject on
a surface of the subject may include causing to project at
least part of the X-ray image on the surface of the subject at
a region where the X-rays irradiate the subject.

In some embodiments, the X-ray source and the detector
may be installed at two ends of a C-arm of an X-ray imaging
device, respectively.

In some embodiments, the method may further include
causing to adjust, using an adjustment device, a position of
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2

at least one of the X-ray source or the detector relative to the
subject based on the projected X-ray image.

In some embodiments, the method may further include
causing to generate, using an optical positioning device, a
position mark within the projected X-ray image on the
surface of the subject.

In some embodiments, the optical positioning device may
be a laser positioning device coupled to the C-arm.

In some embodiments, the optical projection device may
include a driver board, a display panel, and a light source.
The causing to project, using the optical projection device,
the X-ray image of the subject on the surface of the subject
may include causing, using the driver board, the display
panel to display the X-ray image, and causing to emit, using
the light source, a light towards the display panel to project
the displayed X-ray image on the surface of the subject.

In some embodiments, the optical projection device may
include a lens arranged between the display panel and the
subject, and a distance between the display panel and the
lens is adjustable.

In some embodiments, the method may further include
causing to receive, by a workstation, the X-ray image of the
subject, and transmitting the X-ray image to the optical
projection device.

In some embodiments, the method may further include
navigating a mechanical arm, the mechanical arm support-
ing a load and being mechanically connected to the C-arm.
The method may include determining a first coordinate
indicating a position of the load in a first coordinate system
related to maneuvering of the mechanical arm. The method
may further include obtaining a three dimensional (3D)
image of the subject, the 3D image representing the subject
in a second coordinate system. The method may further
include determining a relationship between the first coordi-
nate system and the second coordinate system. The method
may further include transforming the first coordinate in the
first coordinate system to a second coordinate in the second
coordinate system. And the method may further include
displaying a representation of the load in the 3D image at the
second coordinate in the second coordinate system.

In some embodiments, the first coordinate system and the
second coordinate system may be associated with different
coordinate origins. The determining a relationship between
the first coordinate system and the second coordinate system
may include calculating a mapping relationship between the
first coordinate system and the second coordinate system.

In some embodiments, the obtaining a 3D image of the
subject may include obtaining a plurality of two dimensional
(2D) images based on scan data acquired by the detector at
different positions, and reconstructing the 3D image based
on the plurality of 2D images.

In some embodiments, the reconstructing the 3D image
based on the plurality of 2D images may include correcting
the plurality of 2D images, and reconstructing the 3D image
based on the plurality of corrected 2D images.

In some embodiments, the determining a first coordinate
indicating a position of the load in a first coordinate system
may include determining one or more mechanical param-
eters associated with the mechanical arm, and determining
the first coordinate indicating the position of the load in the
first coordinate system based on the one or more mechanical
parameters.

In some embodiments, the determining one or more
mechanical parameters associated with the mechanical arm
may include determining position information of at least one
joint of the mechanical arm or type information of the load.
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In some embodiments, the determining position informa-
tion of at least one joint of the mechanical arm may include
acquiring a first parameter associated with a rotation of the
at least one joint or a second parameter associated with a
translation of the at least one joint, and determining the
position information of the at least one joint of the mechani-
cal arm based on the first parameter associated with the
rotation of the at least one joint or the second parameter
associated with the translation of the at least one joint.

In some embodiments, the acquiring a first parameter
associated with a rotation of the at least one joint or a second
parameter associated with a translation of the at least one
joint may include acquiring the first parameter associated
with the rotation of the at least one joint or the second
parameter associated with the translation of the at least one
joint by at least one sensor periodically.

In some embodiments, the type information of the load
may include at least one of an electric drill, a living sampling
device, a catheter, or a laser light.

In some embodiments, the method may further include
obtaining a plurality of sets of training data, each set of the
training data including an indication signal that is derived
from an operator and represents an order to operate the
C-arm and an operation signal that is directed to operate the
C-arm in response to the indication signal. The method may
further include establishing a relationship between the indi-
cation signals and the operation signals. The method may
further include acquiring at least one test indication signal.
The method may further include determining, based on the
relationship, at least one candidate operation signal in
response to the at least one test indication signal. The
method may further include determining whether the at least
one candidate operation signal is accurately responding to
the at least one test indication signal. And the method may
further include in response to a determination that the at least
one candidate operation signal is not accurately responding
to the at least one test indication signal, updating the
relationship based on the at least one test indication signal.

In some embodiments, the relationship between the indi-
cation signals and the operation signals may be represented
by a relational database or a specific model.

In some embodiments, the at least one test indication
signal may include a plurality of test indication signals. And
the determining whether the at least one candidate operation
signal is accurately responding to the at least one test
indication signal may include determining a matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals.

In some embodiments, the determination that the at least
one candidate operation signal is not accurately responding
to the at least one test indication signal may include that the
matching rate between the plurality of test indication signals
and the corresponding candidate operation signals is lower
than a preset value.

In some embodiments, the indication signals may include
at least one of a voice command or an image command, and
the operation signals include at least one of a position
adjustment, a parameter setting, or a starting of X-ray
imaging with the X-ray imaging device.

In some embodiments, the image command may include
image data of the operator’s gesture action.

Additional features will be set forth in part in the descrip-
tion which follows, and in part will become apparent to
those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by
production or operation of the examples. The features of the
present disclosure may be realized and attained by practice
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or use of various aspects of the methodologies, instrumen-
talities and combinations set forth in the detailed examples
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is further described in terms of
exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, in
which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:

FIG. 1 is a schematic diagram illustrating an exemplary
X-ray imaging system according to some embodiments of
the present disclosure;

FIG. 2 is a schematic diagram illustrating exemplary
hardware and/or software components of an exemplary
computing device according to some embodiments of the
present disclosure;

FIG. 3 is a schematic diagram illustrating exemplary
hardware and/or software components of an exemplary
mobile device according to some embodiments of the pres-
ent disclosure;

FIG. 4 is a block diagram illustrating an exemplary
processing device according to some embodiments of the
present disclosure;

FIG. 5 is a flowchart illustrating an exemplary process for
controlling an X-ray imaging device according to some
embodiments of the present disclosure;

FIG. 6 is a flowchart illustrating an exemplary process for
projecting an X-ray image according to some embodiments
of the present disclosure;

FIG. 7 is a schematic diagram illustrating an exemplary
X-ray imaging device according to some embodiments of
the present disclosure;

FIG. 8 is a schematic diagram illustrating an exemplary
optical projection device according to some embodiments of
the present disclosure;

FIG. 9 is a flowchart illustrating an exemplary process for
navigating a mechanical arm according to some embodi-
ments of the present disclosure;

FIG. 10 is a flowchart illustrating an exemplary process
for obtaining a 3D image of a subject according to some
embodiments of the present disclosure;

FIG. 11 is a flowchart illustrating an exemplary process
for determining a first coordinate indicating a position of a
load in a first coordinate system according to some embodi-
ments of the present disclosure;

FIG. 12 is a flowchart illustrating an exemplary process
for determining position information of at least one joint of
the mechanical arm according to some embodiments of the
present disclosure;

FIG. 13 is a schematic diagram illustrating an exemplary
X-ray imaging device according to some embodiments of
the present disclosure;

FIG. 14 is a flowchart illustrating an exemplary process
for training the X-ray imaging device according to some
embodiments of the present disclosure; and

FIG. 15 is a flowchart illustrating an exemplary process
for determining whether at least one candidate operation
signal is accurately responding to at least one test indication
signal according to some embodiments of the present dis-
closure;

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide
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a thorough understanding of the relevant disclosure. How-
ever, it should be apparent to those skilled in the art that the
present disclosure may be practiced without such details. In
other instances, well-known methods, procedures, systems,
components, and/or circuitry have been described at a rela-
tively high-level, without detail, in order to avoid unneces-
sarily obscuring aspects of the present disclosure. Various
modifications to the disclosed embodiments will be readily
apparent to those skilled in the art, and the general principles
defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of
the present disclosure. Thus, the present disclosure is not
limited to the embodiments shown, but to be accorded the
widest scope consistent with the claims.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise,”
“comprises,” and/or “comprising,” “include,” “includes,”
and/or “including,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

It will be understood that the term “system,” “engine,”
“unit,” “module,” and/or “block” used herein are one
method to distinguish different components, elements, parts,
section or assembly of different level in ascending order.
However, the terms may be displaced by other expression if
they achieve the same purpose.

Generally, the word “module,” “unit,” or “block,” as used
herein, refers to logic embodied in hardware or firmware, or
to a collection of software instructions. A module, a unit, or
a block described herein may be implemented as software
and/or hardware and may be stored in any type of non-
transitory computer-readable medium or other storage
device. In some embodiments, a software module/unit/block
may be compiled and linked into an executable program. It
will be appreciated that software modules can be callable
from other modules/units/blocks or from themselves, and/or
may be invoked in response to detected events or interrupts.
Software modules/units/blocks configured for execution on
computing devices (e.g., the processor 220 as illustrated in
FIG. 2) may be provided on a computer-readable medium,
such as a compact disc, a digital video disc, a flash drive, a
magnetic disc, or any other tangible medium, or as a digital
download (and can be originally stored in a compressed or
installable format that needs installation, decompression, or
decryption prior to execution). Such software code may be
stored, partially or fully, on a storage device of the executing
computing device, for execution by the computing device.
Software instructions may be embedded in a firmware, such
as an EPROM. It will be further appreciated that hardware
modules/units/blocks may be included in connected logic
components, such as gates and flip-flops, and/or can be
included of programmable units, such as programmable gate
arrays or processors. The modules/units/blocks or comput-
ing device functionality described herein may be imple-
mented as software modules/units/blocks, but may be rep-
resented in hardware or firmware. In general, the modules/
units/blocks described herein refer to logical modules/units/
blocks that may be combined with other modules/units/
blocks or divided into sub-modules/sub-units/sub-blocks
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despite their physical organization or storage. The descrip-
tion may be applicable to a system, an engine, or a portion
thereof.

It will be understood that when a unit, engine, module or
block is referred to as being “on,” “connected to,” or
“coupled to,” another unit, engine, module, or block, it may
be directly on, connected or coupled to, or communicate
with the other unit, engine, module, or block, or an inter-
vening unit, engine, module, or block may be present, unless
the context clearly indicates otherwise. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

It will be understood that, although the terms “first,”
“second,” “third,” etc., may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one
element from another. For example, a first element could be
termed a second element, and, similarly, a second element
could be termed a first element, without departing from the
scope of example embodiments of the present invention.

These and other features, and characteristics of the present
disclosure, as well as the methods of operation and functions
of the related elements of structure and the combination of
parts and economies of manufacture, may become more
apparent upon consideration of the following description
with reference to the accompanying drawings, all of which
form a part of this disclosure. It is to be expressly under-
stood, however, that the drawings are for the purpose of
illustration and description only and are not intended to limit
the scope of the present disclosure. It is understood that the
drawings are not to scale.

The following description is provided to help better
understanding the processing methods and/or systems. This
is not intended to limit the scope the present disclosure. For
persons having ordinary skills in the art, a certain amount of
variations, changes, and/or modifications may be deducted
under the guidance of the present disclosure. Those varia-
tions, changes, and/or modifications do not depart from the
scope of the present disclosure.

Provided herein are systems and methods for controlling
an X-ray imaging device, such as for disease diagnosis,
disease treatment, or research purposes. The systems may
perform the methods to emit, from an X-ray source, X-rays
to irradiate a subject, and detect, by a detector that is
arranged to face the X-ray source, a portion of the X-rays
that pass through the subject to generate an X-ray image of
the subject. The systems may further perform the methods to
project, by an optical projection device, the X-ray image of
the subject on a surface of the subject at a region where the
X-rays irradiate the subject. By doing so, the systems and
methods provided herein may provide a spatial mapping
relationship between the subject and the X-ray image
thereof, thus helping an operator to better locate an internal
organ of the subject based on the projected image displayed
on the surface of the subject.

In another aspect of the present disclosure, systems and
methods for navigating a mechanical arm supporting a load
and being mechanically connected to a C-arm are provided.
The systems may perform the methods to determine a first
coordinate indicating a position of the load in a first coor-
dinate system related to maneuvering of the mechanical arm.
The systems may perform the methods to obtain a three
dimensional (3D) image of the subject, the 3D image
representing the subject in a second coordinate system. The
systems may perform the methods to determine a relation-
ship between the first coordinate system and the second
coordinate system. The systems may also perform the meth-
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ods to transform the first coordinate in the first coordinate
system to a second coordinate in the second coordinate
system. And the systems may further perform the methods
to display a representation of the load in the 3D image at the
second coordinate in the second coordinate system. The
systems and methods provided herein may precisely show
the spatial relationship between the load and the subject in
the 3D image, thus facilitating the subsequent operation of
the load within the subject.

In still another aspect of the present disclosure, systems
and methods for training an X-ray imaging device are
provided. The systems may perform the methods to establish
a relationship between the indication signals and the opera-
tion signals. The systems may perform the methods to
acquire at least one test indication signal. The systems may
perform the methods to determine, based on the relationship,
at least one candidate operation signal in response to the at
least one test indication signal. The systems may perform the
methods to determine whether the at least one candidate
operation signal is accurately responding to the at least one
test indication signal. And in response to a determination
that the at least one candidate operation signal is not
accurately responding to the at least one test indication
signal, the systems may perform the methods to update the
relationship based on the at least one test indication signal.
The systems and methods provided herein may simplify the
operation of using the X-ray imaging device by an operator
(e.g., a doctor, a technician), thereby facilitating the diag-
nosis and treatment of the subject.

FIG. 1 is a schematic diagram illustrating an exemplary
X-ray imaging system according to some embodiments of
the present disclosure. The X-ray imaging system 100 may
be configured to perform a diagnosis and/or a treatment on
a subject (not shown). For example, the diagnosis may be
performed on human organs such as bones, hearts, livers, or
the like. The treatment may be a surgical operation such as
a puncture, a biopsy, an ablation (e.g., a radiofrequency
ablation), a grinding (e.g., a bone grinding), a drilling (e.g.,
a bone drilling), an implantation (e.g., a radioactive seed
implantation), a suction, or the like. The subject may include
a patient, a portion of the patient (e.g., an organ and/or a
tissue of the patient), a man-made object (e.g., a phantom),
etc.

As shown in FIG. 1, the X-ray imaging system 100 may
include an X-ray imaging device 110, one or more terminals
130, a processing device 140, a storage device 150, a
network 160. The connection between the components in the
X-ray imaging system 100 may be variable. Merely by way
of example, as illustrated in FIG. 1, the X-ray imaging
device 110 may be connected to the processing device 140
through the network 160. As another example, the X-ray
imaging device 110 may be connected to the processing
device 140 directly. As a further example, the storage device
150 may be connected to the processing device 140 directly
or through the network 160. As still a further example, the
terminal 130 may be connected to the processing device 140
directly (as indicated by the bi-directional arrow in dotted
lines linking the terminal 130 and the processing device 140)
or through the network 160.

The X-ray imaging device 110 may be configured to
perform a scan on the subject to generate scan data before,
during, and/or after a diagnosis and/or a treatment. In some
embodiments, one or more X-ray images of the subject may
be reconstructed based on the scan data by the processing
device 140. In some embodiments, the one or more X-ray
images of the subject may be projected on a surface of the
subject by the processing device 140 for a diagnosis and/or
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atreatment. For example, the X-ray imaging device 110 may
perform a scan on the subject before the surgical operation
and an X-ray image of the subject may be generated based
on the scan data. The X-ray image may indicate a lesion of
the subject and be used as a basis for planning a surgical
route of a surgical equipment. As another example, the X-ray
imaging device 110 may scan the subject during the treat-
ment in real-time or periodically to monitor the position of
the surgical equipment.

The X-ray imaging device 110 may include a computed
tomography (CT) device (e.g., a cone beam CT), a digital
radiography (DR) device, or the like. In some embodiments,
the X-ray imaging device 110 may be a multi-modality
imaging device including, for example, a PET-CT device, or
the like.

In some embodiments, the X-ray imaging device 110 may
include a C-arm machine and an optical projection device.
The C-arm machine may include an X-ray source to emit
X-rays and a detector to detect the X-rays that pass through
the subject. The optical projection device may be commu-
nicatively connected to the C-arm machine and project the
X-ray image received from the processing device 140 on a
specific target (e.g., a surface of the subject). More descrip-
tions regarding the C-arm machine may be found elsewhere
in the present disclosure (e.g., FIGS. 7, 13 and the descrip-
tion thereof). More descriptions regarding the optical pro-
jection device may be found elsewhere in the present
disclosure (e.g., FIG. 8 and the description thereof).

In some embodiments, the X-ray imaging device 110 may
also include a workstation (not shown), to which the pro-
cessing device 140 may transmit the X-ray image. The
optical projection device may be communicatively con-
nected to the workstation to receive the X-ray image from
the workstation.

In some embodiments, the X-ray imaging system 100
may correspond to one or more coordinate systems. For
example, the motion of the X-ray imaging device 110 (or a
part of the X-ray imaging device 110) may be represented in
a first coordinate system (e.g., the world coordinate system),
and the X-ray image reconstructed from the scan data of the
X-ray imaging device 110 may represent the subject in a
second coordinate system (e.g., the image coordinate sys-
tem) different from the first coordinate system. The coordi-
nate system(s) may have any number of dimensions and the
dimensions may be in any directions. Merely by way of
example, the coordinate system(s) may include a Cartesian
coordinate system and/or a world coordinate system includ-
ing three dimensions. The coordinate origin(s) of the coor-
dinate system(s) may be located at any suitable position. For
example, the coordinate origin of the Cartesian coordinate
system may be located at the iso-center of the X-ray imaging
device 110.

The terminal 130 may be configured to realize an inter-
action between a user and one or more components of the
X-ray imaging system 100. For example, the terminal 130
may have a user interface (UI) for the user to input an
instruction to the X-ray imaging device 110 to perform a
scan on the subject. As another example, the terminal 130
may display one or more images acquired by the X-ray
imaging system 100 to the user. The terminal 130 may
include a mobile device 130-1, a tablet computer 130-2, a
laptop computer 130-3, a display 130-4, or the like, or any
combination thereof. In some embodiments, the mobile
device 130-1 may include a smart home device, a wearable
device, a mobile device, a virtual reality device, an aug-
mented reality device, or the like, or any combination
thereof. In some embodiments, the smart home device may
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include a smart lighting device, a control device of an
intelligent electrical apparatus, a smart monitoring device, a
smart television, a smart video camera, an interphone, or the
like, or any combination thereof. In some embodiments, the
wearable device may include a bracelet, a footgear, eye-
glasses, a helmet, a watch, clothing, a backpack, a smart
accessory, or the like, or any combination thereof. In some
embodiments, the mobile device may include a mobile
phone, a personal digital assistance (PDA), a gaming device,
a navigation device, a point of sale (POS) device, a laptop,
a tablet computer, a desktop, or the like, or any combination
thereof. In some embodiments, the virtual reality device
and/or the augmented reality device may include a virtual
reality helmet, virtual reality glasses, a virtual reality patch,
an augmented reality helmet, augmented reality glasses, an
augmented reality patch, or the like, or any combination
thereof. For example, the virtual reality device and/or the
augmented reality device may include a Google Glass™, an
Oculus Rift™, a Hololens™, a Gear VR™, etc. In some
embodiments, the terminal 130 may be part of the process-
ing device 140.

The processing device 140 may process data and/or
information related to the X-ray imaging system 100, for
example, information obtained from the X-ray imaging
device 110, the terminal 130, and/or the storage device 150.
For example, the processing device 140 may receive scan
data of the subject from the X-ray imaging device 110 and
reconstruct an X-ray image of the subject based on the scan
data. As another example, the processing device 140 may
reconstruct the X-ray image of the subject and send the
reconstructed image to the optical projection device to
project on a surface of the subject. As still another example,
the processing device 140 may send the reconstructed image
of the subject to a workstation of the X-ray imaging device
110, and the workstation of the X-ray imaging device 110
may further send the reconstructed image to the optical
projection device to project on the surface of the subject. In
some embodiments, the processing device 140 may be a
single server or a server group. The server group may be
centralized or distributed. In some embodiments, the pro-
cessing device 140 may be local to or remote from other
components of the X-ray imaging system 100. For example,
the processing device 140 may access information and/or
data stored in the X-ray imaging device 110, the terminal
130, and/or the storage device 150 via the network 160. As
another example, the processing device 140 may be directly
connected to the X-ray imaging device 110, the terminal 130
and/or the storage device 150 to access stored information
and/or data. In some embodiments, the processing device
140 may be implemented on a cloud platform. Merely by
way of example, the cloud platform may include a private
cloud, a public cloud, a hybrid cloud, a community cloud, a
distributed cloud, an inter-cloud, a multi-cloud, or the like,
or any combination thereof. In some embodiments, the
processing device 140 may be implemented by a computing
device 200 having one or more components as illustrated in
FIG. 2. In some embodiments, the processing device 140
may be integrated into the X-ray imaging device 110 to form
part of the X-ray imaging device 110.

The storage device 150 may store data, instructions,
and/or any other information. In some embodiments, the
storage device 150 may store data obtained from the X-ray
imaging device 110, the terminal 130, and the processing
device 140. In some embodiments, the storage device 150
may store data and/or instructions that the processing device
140 and/or the terminal 130 may execute or use to perform
exemplary methods described in the present disclosure. In
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some embodiments, the storage device 150 may include a
mass storage, a removable storage, a volatile read-and-write
memory, a read-only memory (ROM), or the like, or any
combination thereof. Exemplary mass storage may include
a magnetic disk, an optical disk, a solid-state drive, etc.
Exemplary removable storage may include a flash drive, a
floppy disk, an optical disk, a memory card, a zip disk, a
magnetic tape, etc. Exemplary volatile read-and-write
memory may include a random access memory (RAM).
Exemplary RAM may include a dynamic RAM (DRAM), a
double date rate synchronous dynamic RAM (DDR
SDRAM), a static RAM (SRAM), a thyristor RAM
(T-RAM), and a zero-capacitor RAM (Z-RAM), etc. Exem-
plary ROM may include a mask ROM (MROM), a pro-
grammable ROM (PROM), an erasable programmable
ROM (EPROM), an electrically erasable programmable
ROM (EEPROM), a compact disk ROM (CD-ROM), and a
digital versatile disk ROM, etc. In some embodiments, the
storage device 150 may be implemented on a cloud plat-
form. Merely by way of example, the cloud platform may
include a private cloud, a public cloud, a hybrid cloud, a
community cloud, a distributed cloud, an inter-cloud, a
multi-cloud, or the like, or any combination thereof.

In some embodiments, the storage device 150 may be
connected to the network 160 to communicate with one or
more other components in the X-ray imaging system 100
(e.g., the processing device 140, the terminal 130, etc.). One
or more components in the X-ray imaging system 100 may
access the data or instructions stored in the storage device
150 via the network 160. In some embodiments, the storage
device 150 may be directly connected to or communicate
with one or more other components in the X-ray imaging
system 100 (e.g., the X-ray imaging device 110, the pro-
cessing device 140, the terminal 130, etc.). In some embodi-
ments, the storage device 150 may be part of the processing
device 140.

The network 160 may include any suitable network that
can facilitate exchange of information and/or data in the
X-ray imaging system 100. In some embodiments, one or
more components of the X-ray imaging system 100 (e.g., the
X-ray imaging device 110, the terminal 130, the processing
device 140, and/or the storage device 150) may communi-
cate with each other via the network 160. For example, the
processing device 140 may obtain scan data from the storage
device 150 via the network 160. As another example, the
X-ray imaging device 110 may obtain user instructions from
the terminal 130 via the network 160. The network 160 may
include a public network (e.g., the Internet), a private
network (e.g., a local area network (LAN), a wide area
network (WAN), etc.), a wired network (e.g., an Ethernet
network), a wireless network (e.g., an 802.11 network, a
Wi-Fi network, etc.), a cellular network (e.g., a Long Term
Evolution (LTE) network), a frame relay network, a virtual
private network (“VPN”), a satellite network, a telephone
network, routers, hubs, witches, server computers, and/or
any combination thereof. Merely by way of example, the
network 160 may include a cable network, a wireline
network, a fiber-optic network, a telecommunications net-
work, an intranet, a wireless local area network (WLAN), a
metropolitan area network (MAN), a public telephone
switched network (PSTN), a Bluetooth™ network, a Zig-
Bee™ network, a near field communication (NFC) network,
or the like, or any combination thereof. In some embodi-
ments, the network 160 may include one or more network
access points. For example, the network 160 may include
wired and/or wireless network access points such as base
stations and/or internet exchange points through which one
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or more components of the X-ray imaging system 100 may
be connected to the network 160 to exchange data and/or
information.

It should be noted that the above description of the X-ray
imaging system 100 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the X-ray
imaging system 100 may include one or more additional
components. Additionally or alternatively, one or more
components of the X-ray imaging system 100 described
above may be omitted. For example, the X-ray imaging
system 100 may further include an imaging device other
than the X-ray imaging device 110, which is configured to
capture an image of the subject during the diagnosis and/or
the treatment.

FIG. 2 is a schematic diagram illustrating exemplary
hardware and/or software components of an exemplary
computing device according to some embodiments of the
present disclosure. In some embodiments, one or more
components of the X-ray imaging system 100 may be
implemented on one or more components of the computing
device 200. Merely by way of example, the processing
device 140 and/or the terminal 130 may be implemented on
one or more components of the computing device 200,
respectively.

As illustrated in FIG. 2, the computing device 200 may
include a communication bus 210, a processor 220, a
storage, an input/output (I/O) 260, and a communication
port 250. The processor 220 may execute computer instruc-
tions (e.g., program code) and perform functions of one or
more components of the X-ray imaging system 100 (e.g., the
processing device 140) in accordance with techniques
described herein. The computer instructions may include,
for example, routines, programs, objects, components, data
structures, procedures, modules, and functions, which per-
form particular functions described herein. In some embodi-
ments, the processor 220 may include interface circuits and
processing circuits therein. The interface circuits may be
configured to receive electronic signals from the communi-
cation bus 210, wherein the electronic signals encode struc-
tured data and/or instructions for the processing circuits to
process. The processing circuits may conduct logic calcu-
lations, and then determine a conclusion, a result, and/or an
instruction encoded as electronic signals. Then the interface
circuits may send out the electronic signals from the pro-
cessing circuits via the communication bus 210.

Merely for illustration, only one processor 220 is
described in the computing device 200. However, it should
be noted that the computing device 200 in the present
disclosure may also include multiple processors, thus opera-
tions and/or method steps that are performed by one pro-
cessor as described in the present disclosure may also be
jointly or separately performed by the multiple processors.
For example, if in the present disclosure the processor of the
computing device 200 executes both step A and step B, it
should be understood that step A and step B may also be
performed by two or more different processors jointly or
separately in the computing device 200 (e.g., a first proces-
sor executes step A and a second processor executes step B,
or the first and second processors jointly execute steps A and
B).

The storage may store data/information related to the
X-ray imaging system 100, such as information obtained
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from the X-ray imaging device 110, the terminal 130, the
storage device 150, and/or any other component of the X-ray
imaging system 100. In some embodiments, the storage may
include a mass storage, a removable storage, a volatile
read-and-write memory, a random access memory (RAM)
240, a read-only memory (ROM) 230, a disk 270, or the like,
or any combination thereof. In some embodiments, the
storage may store one or more programs and/or instructions
to perform exemplary methods described in the present
disclosure. For example, the storage may store a program for
the processing device 140 for controlling the X-ray imaging
device 110.

The /O 260 may input and/or output signals, data,
information, etc. In some embodiments, the [/O 260 may
enable a user interaction with the computing device 200. In
some embodiments, the I/O 260 may include an input device
and an output device. Examples of the input device may
include a keyboard, a mouse, a touch screen, a microphone,
or the like, or a combination thereof. Examples of the output
device may include a display device, a loudspeaker, a
printer, a projector, or the like, or a combination thereof.
Examples of the display device may include a liquid crystal
display (LCD), a light-emitting diode (LED)-based display,
a flat panel display, a curved screen, a television device, a
cathode ray tube (CRT), a touch screen, or the like, or a
combination thereof.

The communication port 250 may be connected to a
network (e.g., the network 160) to facilitate data communi-
cations. The communication port 250 may establish connec-
tions between the computing device 200 (e.g., the process-
ing device 140) and the X-ray imaging device 110, the
terminal 130, and/or the storage device 150. The connection
may be a wired connection, a wireless connection, any other
communication connection that can enable data transmis-
sion and/or reception, and/or any combination of these
connections. The wired connection may include, for
example, an electrical cable, an optical cable, a telephone
wire, or the like, or any combination thereof. The wireless
connection may include, for example, a Bluetooth™ link, a
Wi-Fi™ link, a WiMax™ link, a WLAN link, a ZigBee link,
a mobile network link (e.g., 3G, 4G, 5G, etc.), or the like, or
a combination thereof. In some embodiments, the commu-
nication port 250 may be and/or include a standardized
communication port, such as RS232, RS485, etc. In some
embodiments, the communication port 250 may be a spe-
cially designed communication port. For example, the com-
munication port 250 may be designed in accordance with the
digital imaging and communications in medicine (DICOM)
protocol.

FIG. 3 is a schematic diagram illustrating exemplary
hardware and/or software components of an exemplary
mobile device according to some embodiments of the pres-
ent disclosure. In some embodiments, one or more compo-
nents of the X-ray imaging system 100 may be implemented
on one or more components of the mobile device 300.
Merely by way of example, the terminal 130 may be
implemented on one or more components of the mobile
device 300.

As illustrated in FIG. 3, the mobile device 300 may
include a communication platform 310, a display 320, a
graphic processing unit (GPU) 330, a central processing unit
(CPU) 340, an /O 350, a memory 360, and a storage 390.
In some embodiments, any other suitable component,
including but not limited to a system bus or a controller (not
shown), may also be included in the mobile device 300. In
some embodiments, a mobile operating system 370 (e.g.,
10S™, Android™' Windows Phone™, etc.) and one or more
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applications 380 may be loaded into the memory 360 from
the storage 390 in order to be executed by the CPU 340. The
applications 380 may include a browser or any other suitable
mobile apps for receiving and rendering information relating
to the X-ray imaging system 100. User interactions with the
information stream may be achieved via the I/O 350 and
provided to one or more components of the X-ray imaging
system 100 via the network 160.

To implement various modules, units, and their function-
alities described in the present disclosure, computer hard-
ware platforms may be used as the hardware platform(s) for
one or more of the elements described herein. A computer
with user interface elements may be used to implement a
personal computer (PC) or any other type of work station or
terminal device. A computer may also act as a server if
appropriately programmed.

FIG. 4 is a block diagram illustrating an exemplary
processing device according to some embodiments of the
present disclosure. The processing device 140 may include
an X-ray emitting module 410, an image reconstruction
module 412, an image projection module 414, a position
adjustment module 416, a first coordinate determination
module 418, a 3D image obtaining module 420, a relation-
ship determination module 422, a coordinate transformation
module 424, a displaying module 426, a training data
obtaining module 428, a relationship establishing module
430, a test indication signal acquiring module 432, a can-
didate operation signal determination module 434, a deter-
mination module 436, and a relationship update module 438.
One or more of the modules of the processing device 140
may be interconnected. The connection(s) may be wireless
or wired.

The X-ray emitting module 410 may be configured to
cause an X-ray source to emit X-rays to irradiate a subject.
In some embodiments, the subject may be a patient, a
portion of the patient (e.g., an organ and/or a tissue of the
patient), a man-made object (e.g., a phantom), or the like, or
any combination thereof. Optionally, the subject may be
placed on a table (not shown in figures of the present
disclosure) of the X-ray imaging device 110. In some
embodiments, The X-ray source may be a component of the
X-ray imaging device 110. For example, the X-ray source
may be installed at one end of a C-arm of the X-ray imaging
device 110 (e.g., the X-ray source 114-1 as shown in FIG. 7
and FIG. 13). In some embodiments, the X-rays may be
generated by the X-ray source according to a certain prin-
ciple (e.g., a Bremsstrahlung principle).

The image reconstruction module 412 may be configured
to generate an X-ray image of the subject. In some embodi-
ments, the X-ray image may be generated using scan data of
a detector. The detector may be arranged to face the X-ray
source to detect the X-rays that pass through the subject. In
some embodiments, the X-ray source and the detector are
installed at two ends of a C-arm of an X-ray imaging device,
respectively. For example, the X-ray source may be installed
at one end of a C-arm of the X-ray imaging device 110 (e.g.,
the X-ray source 114-1 as shown in FIG. 7 and FIG. 13), and
the detector may be installed at another end of the C-arm of
the X-ray imaging device 110 (e.g., the detector 114-2 as
shown in FIG. 7 and FIG. 13) to face the X-ray source. In
some embodiment, the X-ray image of the subject may be
generated from the scan data according to a reconstruction
algorithm. In some embodiment, the X-ray image of the
subject may be stored in a storage (e.g., the storage device
150), displayed on a screen of a user terminal (e.g., the
terminal 130), or sent to a workstation connected to the
X-ray imaging device 110 for further processing.
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The image projection module 414 may be configured to
cause to project, using an optical projection device, the
X-ray image of the subject on a surface of the subject. In
some embodiments, the X-ray imaging system 100 may
include a workstation (not shown). The image projection
module 414 may be configured to send the X-ray image of
the subject to the workstation, and cause to receive, by the
workstation, the X-ray image of the subject. In some
embodiments, the image projection module 414 may be
configured to directly transmit the X-ray image to the optical
projection device for projection. The image projection mod-
ule 414 may transmit the X-ray image to the optical pro-
jection device in real time or at regular intervals.

In some embodiments, the image projection module 414
may be configured to cause the optical projection device to
project at least part of the X-ray image on the surface of the
subject at a region where the X-rays irradiate the subject.

In some embodiments, the image projection module 414
may be configured to cause to generate, using an optical
positioning device, a position mark within the projected
X-ray image on the surface of the subject. In some embodi-
ments, the optical positioning device may be a laser posi-
tioning device. The laser positioning device may produce
laser beams to shoot on the surface of the subject and form
the position mark. The position mark may be easily recog-
nized by an operator (e.g., a doctor, a technician).

The position adjustment module 416 may be configured to
cause to adjust, using an adjustment device, a position of at
least one of the X-ray source or the detector relative to the
subject based on the projected X-ray image. In some
embodiments, the position adjustment module 416 may be
configured to cause to adjust, using an adjustment device,
the position of the X-ray source and/or the detector relative
to the subject to a new position according to the instructions
of an operator (e.g., a doctor, a technician).

The first coordinate determination module 418 may be
configured to determine a first coordinate indicating a posi-
tion of a load in a first coordinate system related to maneu-
vering of the mechanical arm supporting the load.

In some embodiments, the first coordinate determination
module 418 may be configured to establish a first coordinate
system related to the maneuvering of the mechanical arm.
And the movement information of the mechanical arm may
be represented by the first coordinate system. Since the load
of the mechanical arm is fixed on the mechanical arm, the
first coordinate indicating the position of the load in the first
coordinate system may be determined after the first coordi-
nate system is determined.

In some embodiments, the first coordinate determination
module 418 may be configured to determine one or more
mechanical parameters associated with the mechanical arm,
and then determine the first coordinate indicating the posi-
tion of the load in the first coordinate system based on the
one or more mechanical parameters. To determine the one or
more mechanical parameters associated with the mechanical
arm, the first coordinate determination module 418 may be
configured to determine the position information of at least
one joint of the mechanical arm or type information of the
load. Specifically, the first coordinate determination module
418 may be configured to acquire a first parameter associ-
ated with a rotation of the at least one joint or a second
parameter associated with the translation of the at least one
joint by at least one sensor periodically, and then determine
the position information of the at least one joint of the
mechanical arm based on the first parameter associated with
the rotation of the at least one joint or the second parameter
associated with the translation of the at least one joint. In
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some embodiments, the type information of the load may
comprise at least one of an electric drill, a living sampling
device, a catheter, or a laser light as described above.

The 3D image obtaining module 420 may be configured
to obtain a three dimensional (3D) image of the subject. The
3D image may represent the subject in a second coordinate
system. In some embodiments, the 3D image obtaining
module 420 may be configured to obtain a plurality of two
dimensional (2D) images based on scan data acquired by the
detector at different positions. Optionally, the 3D image
obtaining module 420 may be configured to correct the
plurality of 2D images. And the 3D image obtaining module
420 may be configured to reconstruct the 3D image based on
the plurality of (corrected) 2D images to obtain a three
dimensional (3D) image of the subject.

The relationship determination module 422 may be con-
figured to determine a relationship between the first coor-
dinate system and the second coordinate system.

In some embodiments, the first coordinate system and the
second coordinate system may have different coordinate
origins. In some embodiments, the relationship may be a
mapping relationship. The mapping relationship may refer
to a relationship between first coordinates of one or more
points in the first coordinate system and their corresponding
second coordinates in the second coordinate system. In some
embodiments, the mapping relationship between the first
coordinate system and the second coordinate system may be
in any form such as a table, a matrix, a function, or the like,
or any combination thereof.

The coordinate transformation module 424 may be con-
figured to transform the first coordinate in the first coordi-
nate system to a second coordinate in the second coordinate
system. In some embodiments, the coordinate transforma-
tion module 424 may be configured to transform the first
coordinate in the first coordinate system to the second
coordinate in the second coordinate system based on the
relationship between the first coordinate system and the
second coordinate system.

The displaying module 426 may be configured to display
a representation of the load in the 3D image at the second
coordinate in the second coordinate system. In some
embodiments, the representation of the load may be a mark
in any form. For example, the mark of the load may be, for
example, a figure or pattern that is distinctive from the
voxels in the 3D image. Exemplary marks may include a
pre-stored 3D model that resembles the actual shape of the
load, a point with a specific color, or the like.

The training data obtaining module 428 may be config-
ured to obtain a plurality of sets of training data. Each set of
the training data may include an indication signal and an
operation signal.

In some embodiments, the indication signal may be
derived from an operator (e.g., a doctor, a technician) and
represent an order to operate the X-ray imaging device 110.
The indication signal may include at least one of a voice
command or an image command.

In some embodiments, the indication signal may be
collected by an acquisition device such as a visible light
sensor (e.g., a camera), and/or an audio sensor (e.g., a
microphone). The acquisition device may be installed on the
X-ray imaging device 110 or other device near the X-ray
imaging device 110 to monitor a region where the operator
appears.

The relationship establishing module 430 may be config-
ured to establish a relationship between the indication sig-
nals and the operation signals. In some embodiments, the
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relationship between the indication signals and the operation
signals may be represented by a relational database or a
specific model.

In some embodiments, the relationship establishing mod-
ule 430 may be configured to establish the relationship
between the indication signals and the operation signals
based on a plurality of sets of indication signals and opera-
tion signals using a machine learning process including a
neural network.

In some embodiments, the relationship establishing mod-
ule 430 may be configured to establish the relationship
between the indication signals and the operation signals
using a specific model. Specifically, the relationship estab-
lishing module 430 may collect and/or record indication
signals of a first operator and corresponding operation
signals of a second operator, for example, in a preset time
period. And the relationship establishing module 430 may
train the specific model using the collected and/or recorded
signals. In the training process, the indication signals may be
used as inputs of the specific model and the operation signals
may be used as the corresponding outputs. After specific
model is trained with sufficient training data, the relationship
establishing module 430 may obtain an operation signal as
the output of the trained model when using an indication
signal as the input of the trained model.

The test indication signal acquiring module 432 may be
configured to acquire at least one test indication signal to test
whether the relationship between the indication signals and
the operation signals is accurate.

In some embodiments, the test indication signal acquiring
module 432 may be configured to acquire the at least one test
indication signal from an operator (e.g. a doctor). In some
embodiments, the test indication signal acquiring module
432 may be configured to acquire the at least one test
indication signal using a simulated technique.

The candidate operation signal determination module 434
may be configured to determine, based on the relationship,
at least one candidate operation signal in response to the at
least one test indication signal.

In some embodiments, the candidate operation signal
determination module 434 may be configured to determine
the at least one candidate operation signal in response to the
at least one test indication signal based on the relational
database. In some embodiments, the candidate operation
signal determination module 434 may be configured to
determine the at least one candidate operation signal in
response to the at least one test indication signal based on the
trained model.

The determination module 436 may be configured to
determine whether the at least one candidate operation
signal is accurately responding to the at least one test
indication signal.

In some embodiments, a second operator may evaluate
whether the at least one candidate operation signal is accu-
rately responding to the at least one test indication signal
through the determination module 436.

In some embodiments, the at least one test indication
signal may include a plurality of test indication signals, and
the determination module 436 may be configured to deter-
mine whether the at least one candidate operation signal is
accurately responding to the at least one test indication
signal by determining a matching rate between the plurality
of test indication signals and the corresponding candidate
operation signals. The matching rate may indicate an accu-
racy of the processing device 140 for predicting candidate
operation signals according to the test indication signals and
the established relationship between the indication signals
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and the operation signals. Specifically, the determination
module 436 may be configured to determine a matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals, and determine
whether the matching rate between the plurality of test
indication signals and the corresponding candidate operation
signals satisfies a condition. In some embodiments, the
determination module 43 may determine a preset value for
the matching rate, and the condition may be that the match-
ing rate is lower than the preset value. If the matching rate
is lower than the preset value, the determination module 436
may determine that the corresponding candidate operation
signals are not accurately responding to the plurality of test
indication signals. And if the matching rate is not lower than
the preset value, the determination module 436 may deter-
mine that the corresponding candidate operation signals are
accurately responding to the plurality of test indication
signals.

The relationship update module 438 may be configured
to, in response to a determination that the at least one
candidate operation signal is not accurately responding to
the at least one test indication signal, update the relationship
based on the at least one test indication signal.

In some embodiments, the relationship update module
438 may be configured to update the relational database to
include the at least one test indication signal and its corre-
sponding operation signal(s). In some embodiments, the
relationship update module 438 may be configured to update
the relational database to modify existing relations between
the indication signals and an operation signals if there is an
error or conflict. In some embodiments, if a missing corre-
sponding relation is found, for example, a specific indication
signal (e.g., the indication signal of a specific operator) has
no corresponding operation signal, or the indication signals
of a specific operator have not been recorded, the relation-
ship update module 438 may be configured to add the
missing corresponding relation into the relational database.

It should be noted that the above description of the
processing device 140 is merely provided for the purpose of
illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
various variations and modifications may be performed in
the light of the present disclosure. However, those variations
and modifications do not depart from the scope of the
present disclosure. For example, one or more of the modules
of the processing device 140 mentioned above may be
omitted or integrated into a single module. As another
example, the processing device 140 may include one or
more additional modules, for example, a storage module for
data storage.

FIG. 5 is a flowchart illustrating an exemplary process
500 for controlling an X-ray imaging device according to
some embodiments of the present disclosure. In some
embodiments, the process 500 may be executed by the X-ray
imaging system 100. For example, the process 500 may be
implemented as a set of instructions (e.g., an application)
stored in one or more storage devices (e.g., the storage
device 150, the ROM 230, and/or RAM 240) and invoked
and/or executed by the processing device 140 (implemented
on, for example, the processor 220 of the computing device
200, the CPU 340 of the mobile device 300, and/or the
modules illustrated in FIG. 4). The operations of the process
500 presented below are intended to be illustrative. In some
embodiments, the process may be accomplished with one or
more additional operations not described, and/or without
one or more of the operations discussed. Additionally, the
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order of the operations of the process 500 as illustrated in
FIG. 5 and described below is not intended to be limiting.

In 510, the processing device 140 (e.g., the X-ray emitting
module 410) may cause an X-ray source to emit X-rays to
irradiate a subject.

The subject may be a patient, a portion of the patient (e.g.,
an organ and/or a tissue of the patient), a man-made object
(e.g., a phantom), or the like, or any combination thereof.
Optionally, the subject may be placed on a table (not shown
in figures of the present disclosure) of the X-ray imaging
device 110.

The X-ray source may be a component of the X-ray
imaging device 110. For example, the X-ray source may be
installed at one end of a C-arm of the X-ray imaging device
110 (e.g., an X-ray source 114-1 as shown in FIG. 7 and FIG.
13). The X-rays may be generated by the X-ray source
according to a certain principle (e.g., a Bremsstrahlung
principle). Specifically, the X-ray source may include an
X-ray tube which may generate X-rays with a power supply
provided by a high voltage generator. The X-ray tube may at
least include an anode and a cathode. The cathode may
include one or more filaments (e.g., a tungsten wire, an
iridium wire, a nickel wire, a molybdenum wire) configured
to emit free electrons under a radiation voltage. The free
electrons may be accelerated in an electric field between the
cathode and the anode to form an electron beam striking the
anode to further generate X-rays. The anode may be located
opposite to the cathode and may be made of an electrically
conductive material, and may have a high mechanical
strength under a high temperature and have a high melting
point. Exemplary materials may include titanium zirconium
molybdenum (TZM), ferrum, cuprum, tungsten, graphite, or
the like, or an alloy thereof, or any combination thereof. The
subject may be irradiated by the X-rays generated by the
X-ray source. And a portion of the X-rays may pass through
or be scattered by the subject.

In 520, the processing device 140 (e.g., the image recon-
struction module 412) may generate an X-ray image of the
subject.

In some embodiments, the X-ray image may be generated
using scan data of a detector. The detector may be arranged
to face the X-ray source to detect the X-rays that pass
through the subject. For example, the X-ray source may be
installed at one end of a C-arm of the X-ray imaging device
110 (e.g., the X-ray source 114-1 as shown in FIG. 7 and
FIG. 13), and the detector may be installed at another end of
the C-arm of the X-ray imaging device 110 (e.g., the detector
114-2 as shown in FIG. 7 and FIG. 13) to face the X-ray
source.

In some embodiment, the X-ray image of the subject may
be generated from the scan data according to a reconstruc-
tion algorithm such as, an iterative reconstruction algorithm
(e.g., a statistical reconstruction algorithm), a Fourier slice
theorem algorithm, a fan-beam reconstruction algorithm, an
analytic reconstruction algorithm, an algebraic reconstruc-
tion technique (ART), a simultaneous algebra reconstruction
technique (SART), a filtered back projection (FBP) tech-
nique, a Feldkamp-Davis-Kress (FDK) reconstruction tech-
nique, or the like, or any combination thereof. In some
embodiment, the X-ray image of the subject may be stored
in a storage (e.g., the storage device 150), displayed on a
screen of a user terminal (e.g., the terminal 130), or sent to
a workstation connected to the X-ray imaging device 110 for
further processing.
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In 530, the processing device 140 (e.g., the image pro-
jection module 414) may cause to project, using an optical
projection device, the X-ray image of the subject on a
surface of the subject.

In some embodiments, the X-ray imaging system 100
may include a workstation (not shown). The processing
device 140 (e.g., the image projection module 414) may
send the X-ray image of the subject to the workstation. For
example, the X-ray image of the subject may be transmitted
to an image processor installed on the workstation for
further processing, such as, using the optical projection
device for projecting the X-ray image of the subject.

In some embodiments, the processing device 140 (e.g.,
the image projection module 414) may directly transmit the
X-ray image to the optical projection device for projection.
The processing device 140 (e.g., the image projection mod-
ule 414) may transmit the X-ray image to the optical
projection device in real time or at regular intervals.

In some embodiments, the optical projection device may
include one or more optical components. More descriptions
regarding the optical projection device may be found else-
where in the present disclosure (e.g., FIG. 8 and the descrip-
tion thereof).

In some embodiments, the processing device 140 (e.g.,
the image projection module 414) may cause the optical
projection device to project at least part of the X-ray image
on the surface of the subject at a region where the X-rays
irradiate the subject. For example, in the case that the region
where the X-rays irradiate the subject is the region including
the liver of the subject (i.e., the X-rays traverses the liver of
the subject), the X-ray image may at least include the liver
of the patient. Then, the processing device 140 may cause
the optical projection device to project the X-ray image on
the surface of the subject at the region including the liver of
the subject. Specifically, the liver represented in the pro-
jected X-ray image may have the same or similar size as the
real liver of the subject. By doing so, the liver represented
in the projected X-ray image may be used to reflect the
information (e.g., the position, the structure) of the real liver
in the subject. Details regarding the projection of the X-ray
image may be found elsewhere in the present disclosure
(e.g., FIG. 6 and the relevant descriptions thereof).

In 540, the processing device 140 (e.g., the position
adjustment module 416) may cause to adjust, using an
adjustment device, a position of at least one of the X-ray
source or the detector relative to the subject based on the
projected X-ray image.

In some embodiments, the adjustment device may adjust
the position of the X-ray source and/or the detector relative
to the subject to a new position according to the instructions
of an operator (e.g., a doctor, a technician). For example, the
operator may determine whether the projected X-ray image
is accurately displaying the region of interest he/she wants.
If the region represented in the projected X-ray image
deviates from the region of interest, the operator may
operate the adjustment device to adjust the position of the
X-ray source and/or the detector. At the new position, the
X-ray source and the detector may generate another X-ray
image to be projected by the optical projection device on the
surface of the subject.

In some embodiments, the X-ray imaging device may
have a C-arm similar to the C-arm 111 illustrated in FIG. 7,
on which the X-ray source and the detector are installed. The
adjustment device may be a mechanical device (e.g., an
electric motor) connected to the C-arm, and may adjust the
position of the X-ray source and/or the detector relative to
the subject by rotating the C-arm.
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In some embodiments, the adjustment of the position of
the X-ray source and/or the detector may be realized by a
manual operation of the operator. For example, the operator
may input parameters regarding the adjustment of the posi-
tion of the X-ray source and/or the detector, or manually
drag the C-arm to a new position. In some embodiments, the
adjustment of the position of the X-ray source and/or the
detector may be automatic. For example, the X-ray imaging
device 110 may include a learning module which can be
trained with historical projected X-ray images and corre-
sponding subsequent manual operations of the operator (or
one or more adjustment parameters associated with the
corresponding subsequent manual operations). After train-
ing, the learning module may be able to calculate one or
more adjustment parameters, such as the direction and/or
angle of the rotation of the C-arm based on a received
projected X-ray image. Then the adjustment parameters may
be sent to a control module of the X-ray imaging device to
automatically adjust the position of at least one of the X-ray
source and/or the detector accordingly.

In some embodiments, the processing device 140 (e.g.,
the image projection module 414) may cause to generate,
using an optical positioning device, a position mark within
the projected X-ray image on the surface of the subject. In
some embodiments, the optical positioning device may be a
laser positioning device. The laser positioning device may
produce laser beams to shoot on the surface of the subject
and form the position mark. The position mark may be easily
recognized by an operator (e.g., a doctor, a technician).

In some embodiments, the laser positioning device may
be coupled to the C-arm of the X-ray imaging device 110.
For example, the laser positioning device may be coupled to
the C-arm 111 illustrated in FIG. 7. More specifically, the
laser positioning device may be coupled to a position of the
C-arm that is near the X-ray source to ensure that the laser
beams emitted from the coupled position may be intersected
with a region of the projected X-ray image on the surface of
the subject. Further, the laser positioning device may move
along with the C-arm, and the position mark generated by
the laser positioning device may be located in the projected
X-ray image on the surface of the subject to positioning the
irradiating position of the X-ray source. In some embodi-
ments, the position mark may have any suitable shape, such
as the shape of a cross. The center of the cross may be used
as an anchor point for determining the irradiating position of
the X-ray source. Accordingly, an operator may adjust the
C-arm according to the position mark to improve the accu-
racy of the irradiating position of the X-ray source.

Those skilled in the art may understand that the optical
positioning device is not limited to producing a laser beam.
And the shape of the position mark is not limited to a cross.
Any other shape (e.g., a point, a star, a triangle, a circle, etc.)
that may achieve a similar positioning function may also be
used according to some embodiments of the present disclo-
sure. In some embodiments, if the position mark is a point,
the point may be used as the anchor point for determining
the irradiating position of the X-ray source. If the position
mark is a cross as described above, the center of the cross
may be used as the anchor point anchor point for determin-
ing the irradiating position of the X-ray source.

Specifically, when the operator uses the X-ray imaging
device to project an X-ray image of the subject, the position
mark generated by the optical positioning device may be
shot on the surface of the subject to reflect the irradiating
position of the X-ray source of the X-ray imaging device.
The operator may analyze the X-ray image projected on the
surface of the subject, and determine a desired irradiating
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position of the X-ray source accordingly. Then, the operator
may only need to adjust the position of the C-arm to move
the position mark to a target position associated with the
desired irradiating position of the X-ray source, and then
take shoots using the X-ray source to obtain the desired
image.

In some embodiments, the optical positioning device may
be positioned between the X-ray source and the detector. A
placement region of the subject may be formed between the
optical positioning device and the detector. The placement
region of the subject may be used to place the subject. That
is to say, the optical positioning device may be located at a
side of the subject opposite to the detector.

It should be understood that the optical positioning device
(e.g., the laser positioning device) may be a standalone
device. For example, the optical positioning device may be
independently coupled to a gantry adjacent to the X-ray
imaging device 110.

It should be noted that the above description regarding the
process 500 is merely provided for the purposes of illustra-
tion, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the process
500 may include one or more additional operations or one or
more of the operations mentioned above may be omitted.
For example, the operation 540 may be omitted. In some
embodiments, an operation of the process 500 may be
divided into a plurality of sub-operations.

FIG. 6 is a flowchart illustrating an exemplary process for
projecting an X-ray image according to some embodiments
of the present disclosure. In some embodiments, the process
600 may be executed by the X-ray imaging system 100. For
example, the process 600 may be implemented as a set of
instructions (e.g., an application) stored in one or more
storage devices (e.g., the storage device 150, the ROM 230,
and/or RAM 240) and invoked and/or executed by the
processing device 140 (implemented on, for example, the
processor 220 of the computing device 200, the CPU 340 of
the mobile device 300, and/or the modules illustrated in FIG.
4). The operations of the process 600 presented below are
intended to be illustrative. In some embodiments, the pro-
cess may be accomplished with one or more additional
operations not described, and/or without one or more of the
operations discussed. Additionally, the order of the opera-
tions of the process 600 as illustrated in FIG. 6 and described
below is not intended to be limiting. In some embodiments,
one or more operations of the process 600 may be performed
to achieve operation 530.

In 610, the processing device 140 (e.g., the image pro-
jection module 414) may cause to receive, by a workstation,
the X-ray image of the subject.

In some embodiments, the workstation may be embodied
as a personal computer (PC) that is positioned near the X-ray
imaging system 100 and hard-wired to the X-ray imaging
system 100 via a communication link. The workstation may
also be embodied as a portable computer such as a laptop
computer or a hand-held computer that transmits informa-
tion to, and receives information from, the X-ray imaging
system 100. Optionally, the communication link may be a
wireless communication link that enables information to be
transmitted to or from the workstation wirelessly. In some
embodiments, the workstation may be configured to control
the operation of the X-ray imaging system 100 in real-time.
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The workstation may also be programmed to perform further
processing of the X-ray image.

In some embodiments, the workstation may include a
central processing unit (CPU) or a computer, a display, an
input device, or the like. As used herein, the term “com-
puter” may include any processor-based or microprocessor-
based system including systems using microcontrollers,
reduced instruction set computers (RISC), application spe-
cific integrated circuits (ASICs), field programmable gate
array (FPGAs), logic circuits, and any other circuit or
processor capable of executing the functions described
herein. The above examples are not intended to limit in any
way the definition and/or meaning of the term “computer”.
In some embodiments, the computer executes a set of
instructions that are stored in one or more storage elements
or memories, in order to process the X-ray image generated
using the detector. The storage elements may also store data
or other information as desired or needed. And the storage
element may be in the form of an information source or a
physical memory element located within the computer.

In some embodiments, the X-ray image generated by the
detector may be transmitted to an image processor installed
on the workstation for further processing (e.g., denoising).

In 620, the workstation may transmit the X-ray image to
an optical projection device. The workstation may transmit
the X-ray image to the optical projection device in real time
or at regular intervals. The optical projection device may
include a driver board, a display panel and a light source. In
some embodiments, the driver board may be communica-
tively connected to the workstation. After receiving the
X-ray image from the workstation, the driver board may
drive the display panel to display the X-ray image. In some
embodiments, the display panel 119-2 may be a liquid
crystal panel without backlight. More descriptions regarding
the structure of the optical projection device may be found
elsewhere in the present disclosure (e.g., FIG. 8 and the
description thereof).

In 630, the processing device 140 (e.g., the image pro-
jection module 414) may cause, using the driver board, the
display panel to display the X-ray image.

In some embodiments, the X-ray image displayed on the
display panel may be a grayscale image. In some embodi-
ments, the optical projection device may further include a
lens to zoom in or out the projected X-ray image on the
surface of the subject. The lens may be arranged between the
display panel and the subject. The distance between the
optical projection device and the lens may be adjustable to
achieve the zooming function.

In 640, the processing device 140 (e.g., the image pro-
jection module 414) may cause to emit, using the light
source, a light towards the display panel to project the
displayed X-ray image on the surface of the subject.

In some embodiments, the light source may project the
X-ray image displayed on the display panel through the lens
to the surface of the subject.

In some embodiments, the light source may be an LED
(Light Emitting Diode) lamp, which may have a long service
life and a uniform brightness, thereby ensuring projection
effects of the optical projection device and prolonging
service life of the optical projection device.

It should be understood that the aforementioned optical
projection device including the driver board, the display
panel, the light source and the lens is merely provided for
illustration purpose. Those skilled in the art may think of
many other combinations to be used to project the X-ray
image on the surface of the subject.
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In some embodiments, the processing device 140 (e.g.,
the image projection module 414) may cause to project at
least part of the X-ray image on the surface of the subject at
a region where the X-rays irradiate the subject. The at least
part of the X-ray image may be projected on the surface of
the subject so that the projected X-ray image may coincide
with a position of the irradiate organs or tissues in the
subject, which may help the operator to better locate a real
position of the organs or tissues in the subject.

It should be noted that the above description regarding the
process 600 is merely provided for the purposes of illustra-
tion, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the process
600 may include one or more additional operations or one or
more of the operations mentioned above may be omitted.
For example, the operation 610 may be omitted, and the
X-ray image of the subject may be transmitted to the optical
projection device directly from the processing device 140.
As another example, the process 600 may include one or
more additional operations to project the X-ray image of the
subject on the surface of the subject. In some embodiments,
an operation of the process 600 may be divided into a
plurality of sub-operations.

FIG. 7 is a schematic diagram illustrating an exemplary
X-ray imaging device according to some embodiments of
the present disclosure. In some embodiments, the X-ray
imaging device 110 may be configured to generate an X-ray
image 117 of a subject 118, and project, using an optical
projection device 119, the X-ray image 117 of the subject
118 on the surface of the subject 118.

As shown in FIG. 7, the X-ray imaging device 110 may
be a C-arm machine. The C-arm machine may include a
C-arm 111, an X-ray source 114-1, a detector 114-2, and a
gantry 112, or the like. The C-arm 111 may be installed on
the gantry 112, and the X-ray source 114-1 may emit X-rays
(as shown in dotted lines in FIG. 7) towards the detector
114-2. The X-ray source 114-1 and the detector 114-2 may
be installed at two ends of the C-arm 111 of the X-ray
imaging device 110, respectively. The gantry 112 may be
stationary (i.e., not movable relative to the ground), or may
be movable relative to the ground.

In some embodiments, the X-ray imaging device 110 may
include or be communicatively connected to a workstation
(not shown), to which the X-ray image 117 may be trans-
mitted. The optical projection device 119 may be commu-
nicatively connected to the workstation to receive the X-ray
image 117 for projection.

In some embodiments, the X-ray imaging device 110 may
also include an adjustment device (not shown) configured to
adjust a position of at least one of the X-ray source 114-1 or
the detector 114-2 relative to the subject 118 based on the
projected X-ray image 117. Alternatively, the adjustment
device may be configured to rotate the C-arm 111 to adjust
the position of the X-ray source 114-1 or the detector 114-2.

In some embodiments, the X-ray imaging device 110 may
include an optical positioning device (not shown) which
may be used to generate a position mark within the projected
X-ray image 117 on the surface of the subject 118. The
optical positioning device may be a laser positioning device
coupled to the C-arm 111.

It should be noted that the above description of the X-ray
imaging device 110 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present
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disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the X-ray
imaging device 110 may include one or more additional
components. In some embodiments, one or more compo-
nents of the X-ray imaging device 110 described above may
be omitted.

FIG. 8 is a schematic diagram illustrating an exemplary
optical projection device 119 in the X-ray imaging device
according to some embodiments of the present disclosure.
The optical projection device 119 may be configured to
project the X-ray image 117 of the subject 118 on the surface
of the subject 118.

In some embodiments, the optical projection device may
include a driver board 119-1, a display panel 119-2, a light
source 119-3, and a lens 119-4 arranged between the display
panel 119-2 and the subject 118. The distance between the
display panel 119-2 and the lens 119-4 may be adjustable.

Specifically, the driver board 119-1 may be communica-
tively connected to the X-ray imaging device 110 and the
display panel 119-2. The driver board 119-1 may transmit
the X-ray image 117 of the subject 118 to the display panel
119-2. In some embodiments, the display panel 119-2 may
be a liquid crystal panel without backlight. The light source
119-3 may project the X-ray image displayed on the display
panel 119-2 through the lens 119-4 to the surface of the
subject 118. In some embodiments, the light source 119-3
may be an LED (Light Emitting Diode) lamp.

It should be noted that the above description of the optical
projection device 119 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the optical
projection device 119 may include one or more additional
components. In some embodiments, one or more compo-
nents of the optical projection device 119 described above
may be omitted.

According to the above description, an exemplary
embodiment of systems and methods for controlling the
X-ray imaging device 110 is provided. An operator may use
the X-ray imaging device 110 to generate an X-ray image
117 of the subject 118. Then the X-ray image 117 may be
transmitted to the optical projection device 119 to project on
the surface of the subject 118. By visually observing the
projected X-ray image 117 on the surface of the subject 118,
the operator may determine a desired position to irradiate the
X-rays. Then the X-ray source may be adjusted to the
desired position to generate a new X-ray image. The new
X-ray image may be similarly transmitted to the optical
projection device 119 and projected on the surface of the
subject 118 again. The operator may further determine
whether the newly projected X-ray image is satisfactory
(e.g., displaying the region of interest as the operator wants).
In this way, the operator may easily obtain the projected
X-ray image 117 he/she wants, and may reduce the time of
adjusting the X-ray imaging device 110, thus shortening the
operation time and reducing the dose of X-rays exposed to
the subject.

In some embodiments, the X-ray imaging device 110 may
include a mechanical arm configured to achieve surgical
operations on the subject. In some embodiments, the
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mechanical arm may be mechanically connected to a com-
ponent of the X-ray imaging device 110 (e.g., the C-arm
111).

FIG. 9 is a flowchart illustrating an exemplary process
900 for navigating the mechanical arm according to some
embodiments of the present disclosure. In some embodi-
ments, the process 900 may be executed by the X-ray
imaging system 100. For example, the process 900 may be
implemented as a set of instructions (e.g., an application)
stored in one or more storage devices (e.g., the storage
device 150, the ROM 230, and/or RAM 240) and invoked
and/or executed by the processing device 140 (implemented
on, for example, the processor 220 of the computing device
200, the CPU 340 of the mobile device 300, and/or the
modules illustrated in FIG. 4). The operations of the process
900 presented below are intended to be illustrative. In some
embodiments, the process may be accomplished with one or
more additional operations not described, and/or without
one or more of the operations discussed. Additionally, the
order of the operations of the process 900 as illustrated in
FIG. 9 and described below is not intended to be limiting.

In 910, the processing device 140 (e.g., the first coordi-
nate determination module 418) may determine a first coor-
dinate indicating a position of a load in a first coordinate
system related to maneuvering of the mechanical arm sup-
porting the load.

For illustration purpose, the X-ray imaging device 110 as
illustrated in FIG. 13 is taken as an example. As shown in
FIG. 13, the X-ray imaging device 110 may include a gantry
112, a C-arm 111, a lifting column 113, an X-ray source
114-1, a detector 114-2, and a mechanical arm 116. The
mechanical arm 116 may be mechanically connected to the
C-arm 111. In some embodiments, the mechanical arm 116
may be a multiple-axis mechanical arm. Each axis of the
mechanical arm may correspond to an arm segment. In some
embodiments, the X-ray imaging device 110 may have two
or more mechanical arms similar to or different from the
mechanical arm 116.

For illustration purpose, the mechanical arm 116 may be
a five-axis mechanical arm. It shall be noted that the
mechanical arm 116 may have any other number of axes,
which depends on the actual needs and is not limited herein.
In some embodiments, a sensor 116-2 may be set at each
joint of the mechanical arm 116. Exemplary types of the
sensor 116-2 may include a rotation sensor, a displacement
sensor, and/or other sensors capable of detecting movement
information of the joints of the mechanical arm 116. The
movement information of the joints of the mechanical arm
116 may be transmitted to the processing device 140 for
calculating the spatial position of the mechanical arm 116 or
the load 116-1 mounted on the mechanical arm 116. In some
embodiments, the X-ray imaging device 110 may include a
pre-processor. The pre-processor may receive the movement
information of the mechanical arm 116 and perform a data
pre-processing, and then transmit the pre-processed data to
the processing device 140.

In some embodiments, the load 116-1 may be fixedly
installed at an end of the mechanical arm 116. In some
embodiments, depending on actual needs, the load 116-1
may include at least one of an electric drill, a living sampling
device, a catheter, a laser light, or the like, or any combi-
nation thereof.

In some embodiments, the first coordinate system may be
established by the processing device 140 (e.g., the first
coordinate determination module 418). The first coordinate
system may be related to the maneuvering of the mechanical
arm 116. The movement information of the mechanical arm
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116 may be represented by the first coordinate system. In
some embodiments, any coordinate system that can repre-
sent the maneuvering of the mechanical arm 116 may be
used as the first coordinate system. For example, the first
coordinate system may be a world coordinate system, an
inertial coordinate system, a Newtonian coordinate system,
or the like, or any combination thereof.

Taking the world coordinate system as an example, the
processing device 140 (e.g., the first coordinate determina-
tion module 418) may establish a world coordinate system
C,,, with a coordinate origin O,, and coordinate axes. In
some embodiments, the coordinate origin O,, may change
with the position of the X-ray imaging device 110. In other
words, a movement of the X-ray imaging device 110 may
not change a relative positional relationship between the
coordinate origin O, and the X-ray imaging device 110.

Specifically, the processing device 140 (e.g., the first
coordinate determination module 418) may determine a
central point 115 of the base of the mechanical arm 116 as
the coordinate origin O,,. When the coordinate origin O, is
set there, a direction in which the lifting column 113 is lifted
and lowered may be a Z-axis of the world coordinate system
C,,, with the vertical upward direction as the positive direc-
tion. And a direction in which the X-ray imaging device 110
moves horizontally may be an X-axis, with the direction in
which the X-ray imaging device 110 is moving forward as
the positive direction. A direction perpendicular to the
X-axis and the Z-axis may be a Y-axis. Therefore, the world
coordinate system C,, may move with the X-ray imaging
device 110, and the coordinate origin O,, may be associated
with the position of the X-ray imaging device 110.

Since the load 116-1 of the mechanical arm 116 is fixed
on the mechanical arm 116, the first coordinate indicating
the position of the load 116 in the world coordinate system
C,, may be determined after the world coordinate system C,,
is determined. In some embodiments, the first coordinate
may be the coordinate of an end point of the load 116-1 away
from the mechanical arm 116, the coordinate of a connection
point between the load 116-1 and the mechanical arm 116,
the coordinate of a specific point of the load 116-1 according
to its own characteristics, or the like. For example, assuming
that the load is an electric drill, the specific point of the load
116-1 may be the apex of the electric drill.

In some embodiments, the processing device 140 (e.g.,
the first coordinate determination module 418) may deter-
mine one or more mechanical parameters associated with the
mechanical arm 116, and then determine the first coordinate
indicating the position of the load 116-1 in the first coordi-
nate system based on the one or more mechanical param-
eters. To determine the one or more mechanical parameters
associated with the mechanical arm 116, the processing
device 140 (e.g., the first coordinate determination module
418) may determine the position information of at least one
joint of the mechanical arm 116 or type information of the
load 116-1. Specifically, the processing device 140 (e.g., the
first coordinate determination module 418) may acquire a
first parameter associated with the rotation of the at least one
joint or a second parameter associated with the translation of
the at least one joint by the at least one sensor 116-2
periodically, and then determine the position information of
the at least one joint of the mechanical arm 116 based on the
first parameter associated with the rotation of the at least one
joint or the second parameter associated with the translation
of the at least one joint. In some embodiments, the type
information of the load 116-1 may comprise at least one of
an electric drill, a living sampling device, a catheter, or a
laser light as described above. More details regarding the
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determination the first coordinate may be found elsewhere in
the present disclosure (e.g., FIG. 11 and FIG. 12, and the
relevant descriptions thereof).

In 920, the processing device 140 (e.g., the 3D image
obtaining module 420) may obtain a three dimensional (3D)
image of the subject, the 3D image representing the subject
in a second coordinate system.

In some embodiments, the processing device 140 (e.g.,
the 3D image obtaining module 420) may obtain a plurality
of'two dimensional (2D) images based on scan data acquired
by the detector at different positions. Optionally, the pro-
cessing device 140 (e.g., the 3D image obtaining module
420) may correct the plurality of 2D images. And the
processing device 140 (e.g., the 3D image obtaining module
420) may reconstruct the 3D image based on the plurality of
(corrected) 2D images to obtain a three dimensional (3D)
image of the subject 118. For example, the X-ray imaging
device 110 may include a pre-processor. The pre-processor
may pre-process (e.g., denoise) the 2D images to reconstruct
a 3D image, and send the 3D image to the processing device
140 (e.g., the 3D image obtaining module 420). As another
example, the processing device 140 (e.g., the 3D image
obtaining module 420) may receive the 2D images and
process the 2D images (e.g., perform a 3D image recon-
struction using a reconstruction algorithm) to reconstruct a
3D image.

In some embodiments, the 3D image may represent the
subject in a second coordinate system. For example, the
second coordinate system may be an image coordinate
system. The coordinate origin of the image coordinate
system may be a point that is same as or different from the
coordinate origin of the first coordinate system. The coor-
dinate of each voxel (or pixel) of the 3D image in the second
coordinate system may correspond to a coordinate of a
corresponding physical point of the subject 118 in the first
coordinate system. More details regarding obtaining a three
dimensional (3D) image of the subject may be found else-
where in the present disclosure (e.g., FIG. 10 and the
relevant descriptions thereof).

In 930, the processing device 140 (e.g., the relationship
determination module 422) may determine a relationship
between the first coordinate system and the second coordi-
nate system.

In some embodiments, the first coordinate system and the
second coordinate system may have different coordinate
origins. For example, the first coordinate system may be the
world coordinate system C,, with its coordinate origin O,,
located at the central point 115 of the base of the mechanical
arm 116. And the second coordinate system may be an image
coordinate system C, with the coordinate origin O, located
at a point in the subject 118 (e.g., the iso-center of the X-ray
imaging device 110).

In some embodiments, the relationship may be a mapping
relationship. The mapping relationship may refer to a rela-
tionship between first coordinates of one or more points in
the first coordinate system and their corresponding second
coordinates in the second coordinate system. Taking a
specific point as an example, a mapping relationship T,, 5,
may indicate a mapping relationship between a first coor-
dinate of the specific point in the world coordinate system
and a second coordinate of the specific point in the image
coordinate system.

In some embodiments, the mapping relationship between
the first coordinate system and the second coordinate system
may be in any form such as a table, a matrix, a function, or
the like, or any combination thereof. For example, the
mapping relationship may be denoted as a table recording
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the first coordinates of the one or more points in the first
coordinate system and their corresponding second coordi-
nates in the second coordinate system. As another example,
the mapping relationship may be a transformation matrix
determined according to a matrix transformation algorithm.
As still another example, the mapping relationship between
the world coordinate system and the image coordinate
system may be a transformation matrix determined with
reference to reconstruction algorithms used for reconstruct-
ing the 3D image.

In some embodiments, the first coordinate system may
coincide with the second coordinate system. For example,
the coordinate origin O,, of the world coordinate system C,,
may be set at the center of the subject 118 (e.g., the
iso-center of the X-ray imaging device 110), which is also
used as a reconstruction center of the 3D image. The center
of the subject 118 may be determined by an intersection of
beams emitted from at least two different angular positions
of the X-ray source 114-1 installed on the arm 111. Specifi-
cally, one beam may be parallel to or substantially parallel
to the Z-axis direction, and the other beam may be parallel
to or substantially parallel to the X-axis direction. Thus the
intersection of the two beams may be regarded as the center
of the subject 118.

As used herein, if the first coordinate system coincides
with the second coordinate system, the two coordinate
system may be the same, and the coordinates of a same
physical point in the two coordinate systems may be same as
each other.

In 940, the processing device 140 (e.g., the coordinate
transformation module 424) may transform the first coordi-
nate in the first coordinate system to a second coordinate in
the second coordinate system.

In some embodiments, the processing device 140 (e.g.,
the coordinate transformation module 424) may transform
the first coordinate in the first coordinate system to the
second coordinate in the second coordinate system based on
the relationship between the first coordinate system and the
second coordinate system.

For example, the processing device 140 (e.g., the coor-
dinate transformation module 424) may transform the first
coordinate in the first coordinate system to a second coor-
dinate in the second coordinate system according to the
mapping relationship T, 5, (e.g., a transformation matrix for
transforming coordinates between different coordinate sys-
tems).

In 950, the processing device 140 (e.g., the displaying
module 426) may display a representation of the load in the
3D image at the second coordinate in the second coordinate
system.

In some embodiments, the representation of the load
116-1 may be a mark in any form. For example, the mark of
the load 116-1 may be, for example, a figure or pattern that
is distinctive from the voxels in the 3D image. Exemplary
marks may include a pre-stored 3D model that resembles the
actual shape of the load, a point with a specific color, or the
like.

In some embodiments, taking the image coordinate sys-
tem C,; and the world coordinate system C,, as an example,
if the image coordinate system C;, coincides with the world
coordinate system C,, the processing device 140 (e.g., the
displaying module 426) may obtain a relative positional
relationship between at least one position of the mechanical
arm 116 and the center of the subject 118 (i.e., the recon-
struction center) in the world coordinate system, and deter-
mine the position of the load 116-1 in the image coordinate
system C;, based on the relative positional relationship. And
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the processing device 140 (e.g., the displaying module 426)
may further display the representation of the load 116-1 in
the 3D image according to the position of the load 116-1 of
the mechanical arm 116 in the image coordinate system Cs .

It should be noted that the above description of the
process 900 is merely provided for the purposes of illustra-
tion, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure.

FIG. 10 is a flowchart illustrating an exemplary process
1000 for obtaining a 3D image of a subject according to
some embodiments of the present disclosure. In some
embodiments, the process 1000 may be executed by the
X-ray imaging system 100. For example, the process 1000
may be implemented as a set of instructions (e.g., an
application) stored in one or more storage devices (e.g., the
storage device 150, the ROM 230, and/or RAM 240) and
invoked and/or executed by the processing device 140
(implemented on, for example, the processor 220 of the
computing device 200, the CPU 340 of the mobile device
300, and/or the modules illustrated in FIG. 4). The opera-
tions of the process 1000 presented below are intended to be
illustrative. In some embodiments, the process may be
accomplished with one or more additional operations not
described, and/or without one or more of the operations
discussed. Additionally, the order of the operations of the
process 1000 as illustrated in FIG. 10 and described below
is not intended to be limiting. In some embodiments, one or
more operations of the process 1000 may be performed to
achieve operation 920.

In 1020, the processing device 140 (e.g., the 3D image
obtaining module 420) may obtain a plurality of two dimen-
sional (2D) images based on scan data acquired by the
detector at different positions.

In some embodiments, the X-ray imaging device 110 may
perform a scan on the subject 118 to acquire scan data.
Specifically, the processing device 140 (e.g., the X-ray
emitting module 410) may cause the X-ray source 114-1 to
emit X-rays to irradiate the subject 118 in different angular
directions. The detector 114-2 may be arranged to face the
X-ray source 114-1 to detect a portion of the X-rays that pass
through the subject 118. The portion of the X-rays that pass
through the subject 118 at each angular direction may be
used to generate a 2D image. Then the processing device 140
(e.g., the 3D image obtaining module 420) may obtain a
plurality of 2D images based on the scan data.

In 1040, the processing device 140 (e.g., the 3D image
obtaining module 420) may correct the plurality of 2D
images.

In some embodiments, the plurality of 2D images may be
distorted due to, for example, the structures of the X-ray
imaging device 110 and the imaging algorithm. Exemplary
image distortions may include an image distortion caused by
mechanical errors, a sigmoid distortion, a pincushion dis-
tortion, or the like, or a combination thereof. The processing
device 140 (e.g., the 3D image obtaining module 420) may
perform image corrections on the plurality of 2D images to
reduce the distortion.

For example, exemplary image corrections may include
an air correction, a crosstalk correction, an off-focal correc-
tion, a beam hardening correction, or the like, or any
combination thereof. As another example, the processing
device 140 (e.g., the 3D image obtaining module 420) may
correct the plurality of 2D images according to one or more
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correction algorithms and/or correction techniques, such as
a beam hardening correction algorithm (e.g., a polynomial
fitting algorithm, a Monte Carlo simulation algorithm, an
iteration correction algorithm, a dual energy correction
algorithm, a single energy correction algorithm), a scattering
correction technique (e.g., an image smoothing technique,
an image enhancement technique, a Monte Carlo simulation
technique, a single scatter simulation (SSS) technique, a
dual energy-window technique, a tail fitting technique), or
the like, or any combination thereof. In some embodiments,
the processing device 140 (e.g., the 3D image obtaining
module 420) may perform the image corrections on the 2D
images to remove image artifacts, or reduce the noise in the
2D images.

In 1060, the processing device 140 (e.g., the 3D image
obtaining module 420) may reconstruct the 3D image based
on the plurality of corrected 2D images.

In some embodiments, the processing device 140 (e.g.,
the 3D image obtaining module 420) may reconstruct the 3D
image based on two or more 2D images generated by the
X-ray source at different angular directions.

In some embodiments, the processing device 140 (e.g.,
the 3D image obtaining module 420) may reconstruct the 3D
image using a specific reconstruction algorithm, a specific
reconstruction technique, a specific reconstruction model, or
the like, or any combination thereof. Exemplary reconstruc-
tion algorithms may include a shape from texture (SFT)
algorithm, a shape from shading (SFS) algorithm, a multi-
view stereo (MVS) algorithm, a Moire fringes technique, a
time of flight (ToF) technique, a structured light technique,
a triangulation technique, or the like, or any combination
thereof.

It should be noted that the above description of the
process 1000 is merely provided for the purposes of illus-
tration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure.

FIG. 11 is a flowchart illustrating an exemplary process
1100 for determining a first coordinate indicating a position
of a load in a first coordinate system according to some
embodiments of the present disclosure. In some embodi-
ments, the process 1100 may be executed by the X-ray
imaging system 100. For example, the process 1100 may be
implemented as a set of instructions (e.g., an application)
stored in one or more storage devices (e.g., the storage
device 150, the ROM 230, and/or RAM 240) and invoked
and/or executed by the processing device 140 (implemented
on, for example, the processor 220 of the computing device
200, the CPU 340 of the mobile device 300, and/or the
modules illustrated in FIG. 4). The operations of the process
1100 presented below are intended to be illustrative. In some
embodiments, the process may be accomplished with one or
more additional operations not described, and/or without
one or more of the operations discussed. Additionally, the
order of the operations of the process 1100 as illustrated in
FIG. 11 and described below is not intended to be limiting.
In some embodiments, one or more operations of the process
1100 may be performed to achieve operation 910.

In 1120, the processing device 140 (e.g., the first coordi-
nate determination module 418) may determine one or more
mechanical parameters associated with the mechanical arm.

In some embodiments, the one or more mechanical
parameters associated with the mechanical arm (e.g., the
mechanical arm 116) may include the position information
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of at least one joint of the mechanical arm 116 and/or the
type information of the load (e.g., the load 116-1). In some
embodiments, the type information of the load may include
at least one of an electric drill, a living sampling device, a
catheter, or a laser light. It shall be noted that in different
application scenarios (e.g., different types of interventional
surgeries), the load of the mechanical arm 116 may be
different. With different loads, the specific parts (e.g., an
apex of the drill) of the loads to be displayed in the 3D image
or navigated in the 3D image may be different. In addition,
different types of the load of the mechanical arms may have
different physical sizes which may also influence the coor-
dinate of the representation of the load in the 3D image.

In some embodiments, the one or more mechanical
parameters associated with the mechanical arm may include
relative position information between a position of the
mechanical arm and the X-ray imaging device 110, one or
more physical parameters of the mechanical arm, or the like.
For example, the relative position information between a
position of the mechanical arm and the X-ray imaging
device 110 may include a position of the base of the
mechanical arm fixed on the X-ray imaging device 110, and
a relative position (e.g., angular position or axial displace-
ment distance, etc.) between adjacent arm segments (e.g., an
upper level arm segment and a lower level arm segment) at
each joint of the mechanical arm. As another example, the
physical parameters of the mechanical arm may include a
count of axes of the mechanical arm, sizes of each arm
segment of the mechanical arm, or the like.

In some embodiments, the processing device 140 (e.g.,
the first coordinate determination module 418) may acquire
a first parameter associated with a rotation of the at least one
joint or a second parameter associated with a translation of
the at least one joint, and determine the position information
of the at least one joint of the mechanical arm based on the
first parameter associated with the rotation of the at least one
joint and/or the second parameter associated with the trans-
lation of the at least one joint. Details regarding the deter-
mination of the position information of the at least one joint
of the mechanical arm may be found elsewhere in the
present disclosure (e.g., FIG. 12 and the relevant descrip-
tions thereof).

In some embodiments, the one or more mechanical
parameters associated with the mechanical arm may be
processed by the X-ray imaging system 100 before a diag-
nosis and/or a treatment (e.g., a surgery). Additionally or
alternatively, the one or more mechanical parameters asso-
ciated with the mechanical arm may also be pre-stored in a
storage (e.g., the storage device 150, the ROM 230, or the
RAM 240, etc.) according to different types of the mechani-
cal arm.

In 1140, the processing device 140 (e.g., the first coordi-
nate determination module 418) may determine the first
coordinate indicating the position of the load in the first
coordinate system based on the one or more mechanical
parameters.

In some embodiments, the processing device 140 (e.g.,
the first coordinate determination module 418) may deter-
mine the first coordinate indicating the position of the load
in the first coordinate system based on the one or more
mechanical parameters associated with the mechanical arm
and relative position of the mechanical arm with respect to
the X-ray imaging device 110 (e.g., the height information
of'the lifting column of the mechanical arm) by, for example,
using a geometric algorithm.

It should be noted that the above description of the
process 1100 is merely provided for the purposes of illus-
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tration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure.

FIG. 12 is a flowchart illustrating an exemplary process
1200 for determining position information of at least one
joint of the mechanical arm according to some embodiments
of the present disclosure. In some embodiments, the process
1200 may be executed by the X-ray imaging system 100. For
example, the process 1200 may be implemented as a set of
instructions (e.g., an application) stored in one or more
storage devices (e.g., the storage device 150, the ROM 230,
and/or RAM 240) and invoked and/or executed by the
processing device 140 (implemented on, for example, the
processor 220 of the computing device 200, the CPU 340 of
the mobile device 300, and/or the modules illustrated in FIG.
4). The operations of the process 1200 presented below are
intended to be illustrative. In some embodiments, the pro-
cess may be accomplished with one or more additional
operations not described, and/or without one or more of the
operations discussed. Additionally, the order of the opera-
tions of the process 1200 as illustrated in FIG. 12 and
described below is not intended to be limiting. In some
embodiments, one or more operations of the process 1200
may be performed to achieve operation 1120.

In 1220, the processing device 140 (e.g., the first coordi-
nate determination module 418) may acquire a first param-
eter associated with a rotation of the at least one joint or a
second parameter associated with a translation of the at least
one joint.

In some embodiments, the processing device 140 (e.g.,
the first coordinate determination module 418) may acquire
the first parameter associated with the rotation of the at least
one joint or the second parameter associated with the
translation of the at least one joint by at least one sensor
periodically.

Specifically, the at least one sensor (e.g., a rotation sensor,
a translation sensor) may be installed on the at least one joint
of the mechanical arm. The rotation sensor may be used to
capture the first parameter associated with the rotation of the
at least one joint, and the translation sensor may be used to
capture the second parameter associated with the translation
of the at least one joint. And the at least one sensor may be
communicatively connected to a processor (e.g., the pro-
cessing device 140) and/or a pre-processor, and may send
the first parameter and the second parameter the processor
and/or the pre-processor for further processing.

In some embodiments, the operation of acquiring the first
parameter associated with the rotation of the at least one
joint and/or the second parameter associated with the trans-
lation of the at least one joint by the at least one sensor may
be performed once every predetermined time interval. For
example, the processing device 140 (e.g., the first coordinate
determination module 418) may acquire the first parameter
and the second parameter automatically according to a
preset acquisition frequency. In some embodiments, the
acquisition frequency may be not less than a movement
frequency of an axis of the mechanical arm and/or a move-
ment frequency of the lifting column of the mechanical arm
to avoid inaccuracy of the first parameter and the second
parameter.

In 1240, the processing device 140 (e.g., the first coordi-
nate determination module 418) may determine the position
information of the at least one joint of the mechanical arm
based on the first parameter associated with the rotation of
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the at least one joint or the second parameter associated with
the translation of the at least one joint.

In some embodiments, the processing device 140 (e.g.,
the first coordinate determination module 418) may update
the one or more mechanical parameters associated with the
mechanical arm according to the first parameter and the
second parameter.

Specifically, after a movement of the mechanical arm,
new coordinates of the at least one joint of the mechanical
arm in the world coordinate system C,, may be calculated,
for example, by a DH parameters (Denavit-Hartenberg
parameters) technique. For example, after the processor
(e.g., the processing device 140) and/or the pre-processor
receives the first parameter and the second parameter, by
combining the previous mechanical parameters of the
mechanical arm, the processor (e.g., the processing device
140) may obtain a transfer matrix for the at least one joint
of the mechanical arm, based on which new coordinates of
the at least one joint may be obtained in a mechanical arm
coordinate system. The new coordinates of the at least one
joint in the mechanical arm coordinate system may be
transformed to coordinates in the world coordinate system
C,, using a transfer vector d ;. The transfer vector d, may be
a displacement vector between the mechanical arm coordi-
nate system and the world coordinate system C,,. Then, the
position information of the at least one joint (in the world
coordinate system C,) may be determined, and may be
further sent to the processor (e.g., the processing device 140)
to update the corresponding mechanical parameters associ-
ated with the mechanical arm.

It should be noted that the above description of the
process 1200 is merely provided for the purposes of illus-
tration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure.

FIG. 13 is a schematic diagram illustrating an exemplary
X-ray imaging device according to some embodiments of
the present disclosure.

One or more casters may be provided at the bottom of the
gantry 112 for movement purpose of the X-ray imaging
device 110. One end of the lifting column 113 may be
connected to the gantry 112, and the other end of the lifting
column 113 may be connected to the C-arm 111, so that the
movement of the lifting column 113 along the Z-axis may
cause the C-arm 111 to translate up and down. The X-ray
source 114-1 and the detector 114-2 may be disposed on the
C-arm 111. The rotation of the C-arm 111 may cause the
X-ray source 114-1 and the detector 114-2 to rotate with the
C-arm 111 to reach different angular directions.

In some embodiments, a sensor 116-2 may be set at each
joint of the mechanical arm 116. Exemplary sensors may
include a rotation sensor, a displacement sensor, and/or other
sensors capable of detecting the movement information of
the joints of the mechanical arm 116. The movement infor-
mation of the mechanical arm 116 may be transmitted to the
processing device 140 for calculating the spatial position of
the mechanical arm 116 or the load 116-1 mounted on the
mechanical arm 116.

In some embodiments, the load 116-1 may be fixedly
installed at an end of the mechanical arm 116. In some
embodiments, depending on actual needs, the load 116-1
may include an electric drill, a living sampling device, a
catheter, a laser light, or the like, or any combination thereof.
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It should be noted that the above description of the X-ray
imaging device 110 is merely provided for the purposes of
illustration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. In some embodiments, the X-ray
imaging device 110 may include one or more additional
components. In some embodiments, one or more compo-
nents of the X-ray imaging device 110 described above may
be omitted.

According to the above description, an exemplary
embodiment of systems and methods for navigating the
mechanical arm 116 is provided. According to the operations
in the embodiments, it is possible to implement navigation
for the mechanical arm 116. In this way, navigation accuracy
and surgery safety may be improved. At the same time, since
the first coordinate system associated with the position of the
X-ray imaging device 110 is established and changes with
the X-ray imaging device 110, even if the X-ray imaging
device 110 moves, there may be no need to re-register the
first coordinate system, which may greatly simplify naviga-
tion process of the mechanical arm 116. In addition, the
display of the load in the 3D image may better present the
spatial relationship between the load and the patient, which
facilitates execution of the surgery, greatly reduces the
complexity of the operation during the surgery.

FIG. 14 is a flowchart illustrating an exemplary process
1400 for training the X-ray imaging device according to
some embodiments of the present disclosure. In some
embodiments, the process 1400 may be executed by the
X-ray imaging system 100. For example, the process 1400
may be implemented as a set of instructions (e.g., an
application) stored in one or more storage devices (e.g., the
storage device 150, the ROM 230, and/or RAM 240) and
invoked and/or executed by the processing device 140
(implemented on, for example, the processor 220 of the
computing device 200, the CPU 340 of the mobile device
300, and/or the modules illustrated in FIG. 4). The opera-
tions of the process 1400 presented below are intended to be
illustrative. In some embodiments, the process may be
accomplished with one or more additional operations not
described, and/or without one or more of the operations
discussed. Additionally, the order in which the operations of
the process 1400 as illustrated in FIG. 14 and described
below is not intended to be limiting.

In 1410, the processing device 140 (e.g., the training data
obtaining module 428) may obtain a plurality of sets of
training data. Each set of the training data may include an
indication signal and an operation signal.

In some embodiments, the indication signal may be
derived from an operator (e.g., a doctor, a technician) and
represent an order to operate the X-ray imaging device 110.
The indication signal may include at least one of a voice
command or an image command. As used herein, the voice
command may be a command given to the X-ray imaging
device 110 through the voice of the operator. The image
command may be a command given to the X-ray imaging
device through one or more images of the operator. For
example, the processing device 140 may analyze one or
more images representing the operator’s gesture action to
generate a command of the operator.

In some embodiments, the operation signal may be
directed to operate the X-ray imaging device 110 in response
to the indication signal. In some embodiments, the operation
signal may indicate the action to be performed by the X-ray
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imaging device 110. Exemplary operation signals may
include a position adjustment of the X-ray imaging device
110 of the X-ray imaging device 110, a parameter setting, or
a starting of X-ray imaging of the X-ray imaging device 110,
or the like, or a combination thereof.

In some embodiments, the indication signal may be
collected by an acquisition device such as a visible light
sensor (e.g., a camera), and/or an audio sensor (e.g., a
microphone). The acquisition device may be installed on the
X-ray imaging device 110 or other device near the X-ray
imaging device 110 to monitor a region where the operator
appears.

Specifically, in one set of the training data, the indication
signal may be derived from a doctor, and the operation
signal may be input by a technician who understands the
meaning of the indication signal and directly operates the
X-ray imaging device 110 to perform operations correspond-
ing to the indication signal. In some embodiments, the
corresponding operations may control, for example, a move-
ment of the X-ray imaging device 110, a rotation of the
C-arm of the X-ray imaging device, or the like. In some
embodiments, the corresponding operations may be various
parameter settings for X-ray imaging, such as a voltage
(kV), a current (mA), a time (ms), a frame rate of images, or
other optimized settings for images, or the like. Additionally
or alternatively, the corresponding operations may be a
starting and/or an ending of X-ray imaging. In some embodi-
ments, the operation signal may be collected by a signal
input device such as a touch screen, a keyboard, various
types of switch buttons, a hand brake, a foot brake, or the
like.

In 1420, the processing device 140 (e.g., the relationship
establishing module 430) may establish a relationship
between the indication signals and the operation signals.

In some embodiments, the relationship between the indi-
cation signals and the operation signals may be represented
by a relational database or a specific model.

After a sufficient number of indication signals (e.g.,
indications signals from a doctor) and corresponding opera-
tion signals (e.g., operation signals from a technician) are
collected, a plurality of sets of indication signals and opera-
tion signals may be used to establish the relational database.
In some embodiments, the relationships between the indi-
cation signals and the operation signals may be established
using a machine learning process including a neural net-
work. In the relationship, one or more indication signals may
correspond to one operation signal. For example, a voice
command and a gesture action (i.e., an image command)
may correspond to a same operation signal, or two or more
voice commands expressed in different manners may cor-
respond to a same operation signal. Under this circumstance,
the operator (e.g., the doctor) giving the indication signal
may initiate a command according to his/her own habit,
which is flexible and convenient.

In some embodiments, the processing device 140 (e.g.,
the relationship establishing module 430) may establish the
relationship between the indication signals and the operation
signals using a specific model. Specifically, the processing
device 140 (e.g., the relationship establishing module 430)
may collect and/or record indication signals of the first
operator (e.g. a doctor) and corresponding operation signals
of the second operator (e.g., a technician), for example, in a
preset time period (e.g., in the last week, in the last month,
in the last year, etc.). And the processing device 140 (e.g.,
the relationship establishing module 430) may train the
specific model using the collected and/or recorded signals.
In the training process, the indication signals may be used as
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inputs of the specific model and the operation signals may be
used as the corresponding outputs. After specific model is
trained with sufficient training data, the processing device
140 (e.g., the relationship establishing module 430) may
obtain an operation signal as the output of the trained model
when using an indication signal as the input of the trained
model.

In 1430, the processing device 140 (e.g., the test indica-
tion signal acquiring module 432) may acquire at least one
test indication signal to test whether the relationship
between the indication signals and the operation signals is
accurate.

In some embodiments, the processing device 140 (e.g.,
the test indication signal acquiring module 432) may acquire
the at least one test indication signal from an operator (e.g.
a doctor). For example, the processing device 140 (e.g., the
test indication signal acquiring module 432) may acquire the
at least one test indication signal using an acquisition device
such as a visible light sensor (e.g., a camera), or an audio
sensor (e.g., a microphone).

In some embodiments, the processing device 140 (e.g.,
the test indication signal acquiring module 432) may acquire
the at least one test indication signal using a simulated
technique. For example, the processing device 140 (e.g., the
test indication signal acquiring module 432) may simulate
one or more indication signals in the training data to
generate the at least one test indication signal.

In 1440, the processing device 140 (e.g., the candidate
operation signal determination module 434) may determine,
based on the relationship, at least one candidate operation
signal in response to the at least one test indication signal.

In some embodiments, the processing device 140 (e.g.,
the candidate operation signal determination module 434)
may determine the at least one candidate operation signal in
response to the at least one test indication signal based on the
relational database. For example, after receiving a gesture
action or a voice command of a first operator through a
visible light sensor or an audio sensor, the processing device
140 (e.g., the candidate operation signal determination mod-
ule 434) may generate an operation signal matching the
indication signal based on the established relationship
between the indication signals and the operation signals
(e.g., the relational database), and then direct the X-ray
imaging device 110 to perform the corresponding operations
automatically.

In some embodiments, the processing device 140 (e.g.,
the candidate operation signal determination module 434)
may determine the at least one candidate operation signal in
response to the at least one test indication signal based on the
trained model.

For example, the processing device 140 (e.g., the candi-
date operation signal determination module 434) may
receive the at least one test indication signal as the input of
the trained model, and then obtain the at least one candidate
operation signal as the output of the trained model.

In 1450, the processing device 140 (e.g., the determina-
tion module 436) may determine whether the at least one
candidate operation signal is accurately responding to the at
least one test indication signal.

In some embodiments, a second operator may evaluate
whether the at least one candidate operation signal is accu-
rately responding to the at least one test indication signal
through the processing device 140 (e.g., the determination
module 436). For example, the at least one candidate opera-
tion signal may be displayed on a screen in a form of a text
or a pattern, and the second operator may input a determi-
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nation on whether the at least one candidate operation signal
accurately matches the test indication signal.

In some embodiments, the at least one test indication
signal may include a plurality of test indication signals, and
the processing device 140 (e.g., the determination module
436) may determine whether the at least one candidate
operation signal is accurately responding to the at least one
test indication signal by determining a matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals.

The matching rate may indicate an accuracy of the
processing device 140 for predicting candidate operation
signals according to the test indication signals and the
established relationship between the indication signals and
the operation signals.

In some embodiments, the determination that the at least
one candidate operation signal is not accurately responding
to the at least one test indication signal may include that the
matching rate between the plurality of test indication signals
and the corresponding candidate operation signals is lower
than a preset value.

For example, the preset value may be set as 90%, 95%, or
any other suitable value. If the matching rate is lower than
the preset value, the processing device 140 (e.g., the deter-
mination module 436) may determine that the at least one
candidate operation signal is not accurately responding to
the at least one test indication signal. As such, the estab-
lished relationship between the indication signals and the
operation signals may be regarded as inaccurate, and the
X-ray imaging device 110 may not be deemed to accurately
generate a correct operation according to an indication
signal. Thus, the X-ray imaging device 110 may not be able
to work without the supervision of an operator, and the
established relationship between the indication signals and
the operation signals may be updated to further improve the
accuracy.

In 1460, the processing device 140 (e.g., the relationship
update module 438) may, in response to a determination that
the at least one candidate operation signal is not accurately
responding to the at least one test indication signal, update
the relationship based on the at least one test indication
signal.

In some embodiments, the relational database may be
updated to include the at least one test indication signal and
its corresponding operation signal(s). In some embodiments,
the relational database may be updated to modify existing
relations between the indication signals and an operation
signals if there is an error or conflict. In some embodiments,
if a missing corresponding relation is found, for example, a
specific indication signal (e.g., the indication signal of a
specific operator) have no corresponding operation signal, or
the indication signals of a specific operator have not been
recorded, the missing corresponding relation may be added
into the relational database.

Specifically, the X-ray imaging device 110 may work in
a semi-automatic state with the assistance of a second
operator (e.g., a technician) to update the established rela-
tionship. For example, after a first operator (e.g., a doctor)
sends an indication signal, the processing device 140 (e.g.,
the candidate operation signal determination module 434)
may determine a candidate operation signal based on the
relationship and send (e.g., by the determination module
436) the candidate operation signal to the second operator to
determine whether the candidate operation signal matches
the indication signal of the first operator. If the candidate
operation signal matches the indication signal of the first
operator, the second operator may confirm that the X-ray
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imaging device 110 may perform the corresponding opera-
tion according to the candidate operation signal. If the
candidate operation signal does not match the indication
signal of the first operator, the second operator may modify
the candidate operation signal. The processing device 140
(e.g., the relationship update module 438) may record the
modified candidate operation signal to update the relation-
ship between the indication signals and the operation sig-
nals.

It should be noted that the above description of the
process 1400 is merely provided for the purposes of illus-
tration, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. For example, the determination that
the at least one candidate operation signal is not accurately
responding to the at least one test indication signal may
include or not include that the matching rate between the
plurality of test indication signals and the corresponding
candidate operation signals is equal to than a preset value.

FIG. 15 is a flowchart illustrating an exemplary process
1500 for determining whether at least one candidate opera-
tion signal is accurately responding to at least one test
indication signal according to some embodiments of the
present disclosure. In some embodiments, the process 1500
may be executed by the X-ray imaging system 100. For
example, the process 1500 may be implemented as a set of
instructions (e.g., an application) stored in one or more
storage devices (e.g., the storage device 150, the ROM 230,
and/or RAM 240) and invoked and/or executed by the
processing device 140 (implemented on, for example, the
processor 220 of the computing device 200, the CPU 340 of
the mobile device 300, and/or the modules illustrated in FIG.
4). The operations of the process 1500 presented below are
intended to be illustrative. In some embodiments, the pro-
cess may be accomplished with one or more additional
operations not described, and/or without one or more of the
operations discussed. Additionally, the order of the opera-
tions of the process 1500 as illustrated in FIG. 15 and
described below is not intended to be limiting. In some
embodiments, one or more operations of the process 1500
may be performed to achieve operation 1450.

In 1510, the processing device 140 (e.g., the determina-
tion module 436) may determine a matching rate between
the plurality of test indication signals and the corresponding
candidate operation signals.

In some embodiments, the processing device 140 (e.g.,
the determination module 436) may calculate the matching
rate using an algorithm, a function, a model, or the like. For
example, the processing device 140 (e.g., the determination
module 436) may calculate the matching rate by dividing the
count of candidate operation signals that matches the test
indication signals by the count of all the candidate operation
signals. The matching rate may be in the form of a percent-
age, a fraction, or the like, or any combination thereof.

In 1520, the processing device 140 (e.g., the determina-
tion module 436) may determine whether the matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals satisfies a condi-
tion.

In some embodiments, the processing device 140 (e.g.,
the determination module 436) may determine a preset value
for the matching rate, and the condition may be that the
matching rate is lower than the preset value. For example,
the preset value may be set as 90%, 95%, or any other
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suitable value. The processing device 140 (e.g., the deter-
mination module 436) may compare the matching rate and
the preset value to determine whether the matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals is lower than the
preset value. If the matching rate between the plurality of
test indication signals and the corresponding candidate
operation signals is lower than the preset value, the process
1500 may proceed to operation 1530. If the matching rate
between the plurality of test indication signals and the
corresponding candidate operation signals is not lower than
the preset value, the process 1500 may proceed to operation
1540.

In 1530, the processing device 140 (e.g., the determina-
tion module 436) may determine that the corresponding
candidate operation signals are not accurately responding to
the plurality of test indication signals.

In 1540, the processing device 140 (e.g., the determina-
tion module 436) may determine that the corresponding
candidate operation signals are accurately responding to the
plurality of test indication signals.

It should be noted that the above description of the
process 900 is merely provided for the purposes of illustra-
tion, and not intended to limit the scope of the present
disclosure. For persons having ordinary skills in the art,
multiple variations and modifications may be made under
the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of
the present disclosure. For example, the condition may
include or not include that the matching rate between the
plurality of test indication signals and the corresponding
candidate operation signals is equal to than a preset value.

According to the above description, an exemplary
embodiment of systems and methods for training the X-ray
imaging device 110 is provided. Based on the systems and
methods, a relationship of indication signals of a doctor and
operations signals of the X-ray imaging device 110 may be
established. In an application scenario, after receiving indi-
cation signals of the operator (e.g., a gesture action or a
voice command) through a visible light sensor or an audio
sensor, the X-ray imaging device 110 may generate an
operation signal correspondingly and may operate automati-
cally. As such, the X-ray imaging device 110 may work
under no supervision of a technician, which may save human
resources and reduce operational errors caused by techni-
cians. In another aspect, the doctor may directly send
instructions to the X-ray imaging device 110 according to
his/her own habits to improve the efficiency of diagnoses
and treatments.

Having thus described the basic concepts, it may be rather
apparent to those skilled in the art after reading this detailed
disclosure that the foregoing detailed disclosure is intended
to be presented by way of example only and is not limiting.
Various alterations, improvements, and modifications may
occur and are intended to those skilled in the art, though not
expressly stated herein. These alterations, improvements,
and modifications are intended to be suggested by this
disclosure, and are within the spirit and scope of the exem-
plary embodiments of this disclosure.

Moreover, certain terminology has been used to describe
embodiments of the present disclosure. For example, the
terms “one embodiment,” “an embodiment,” and/or “some
embodiments” mean that a particular feature, structure or
characteristic described in connection with the embodiment
is included in at least one embodiment of the present
disclosure. Therefore, it is emphasized and should be appre-
ciated that two or more references to “an embodiment” or
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“one embodiment” or “an alternative embodiment” in vari-
ous portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined as
suitable in one or more embodiments of the present disclo-
sure.

Further, it will be appreciated by one skilled in the art,
aspects of the present disclosure may be illustrated and
described herein in any of a number of patentable classes or
context including any new and useful process, machine,
manufacture, or composition of matter, or any new and
useful improvement thereof. Accordingly, aspects of the
present disclosure may be implemented entirely hardware,
entirely software (including firmware, resident software,
micro-code, etc.) or combining software and hardware
implementation that may all generally be referred to herein
as a “unit,” “module,” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer
program product embodied in one or more computer read-
able media having computer readable program code embod-
ied thereon.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including electro-magnetic, optical, or the
like, or any suitable combination thereof. A computer read-
able signal medium may be any computer readable medium
that is not a computer readable storage medium and that may
communicate, propagate, or transport a program for use by
or in connection with an instruction execution system,
apparatus, or device. Program code embodied on a computer
readable signal medium may be transmitted using any
appropriate medium, including wireless, wireline, optical
fiber cable, RF, or the like, or any suitable combination of
the foregoing.

Computer program code for carrying out operations for
aspects of the present disclosure may be written in any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB.
NET, Python or the like, conventional procedural program-
ming languages, such as the “C” programming language,
Visual Basic, Fortran 2103, Perl, COBOL 2102, PHP, ABAP,
dynamic programming languages such as Python, Ruby and
Groovy, or other programming languages. The program
code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider) or in a cloud computing environment or offered as
a service such as a Software as a Service (SaaS).

Furthermore, the recited order of processing elements or
sequences, or the use of numbers, letters, or other designa-
tions therefore, is not intended to limit the claimed processes
and methods to any order except as may be specified in the
claims. Although the above disclosure discusses through
various examples what is currently considered to be a
variety of useful embodiments of the disclosure, it is to be
understood that such detail is solely for that purpose, and
that the appended claims are not limited to the disclosed
embodiments, but, on the contrary, are intended to cover
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modifications and equivalent arrangements that are within
the spirit and scope of the disclosed embodiments. For
example, although the implementation of various compo-
nents described above may be embodied in a hardware
device, it may also be implemented as a software only
solution, for example, an installation on an existing server or
mobile device.

Similarly, it should be appreciated that in the foregoing
description of embodiments of the present disclosure, vari-
ous features are sometimes grouped together in a single
embodiment, figure, or description thereof for the purpose of
streamlining the disclosure aiding in the understanding of
one or more of the various inventive embodiments. This
method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed subject matter
requires more features than are expressly recited in each
claim. Rather, inventive embodiments lie in less than all
features of a single foregoing disclosed embodiment.

In some embodiments, the numbers expressing quantities
or properties used to describe and claim certain embodi-
ments of the application are to be understood as being
modified in some instances by the term “about,” “approxi-
mate,” or “substantially.” For example, “about,” “approxi-
mate,” or “substantially” may indicate £20% variation of the
value it describes, unless otherwise stated. Accordingly, in
some embodiments, the numerical parameters set forth in
the written description and attached claims are approxima-
tions that may vary depending upon the desired properties
sought to be obtained by a particular embodiment. In some
embodiments, the numerical parameters should be construed
in light of the number of reported significant digits and by
applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setting forth the
broad scope of some embodiments of the application are
approximations, the numerical values set forth in the specific
examples are reported as precisely as practicable.

Each of the patents, patent applications, publications of
patent applications, and other material, such as articles,
books, specifications, publications, documents, things, and/
or the like, referenced herein is hereby incorporated herein
by this reference in its entirety for all purposes, excepting
any prosecution file history associated with same, any of
same that is inconsistent with or in conflict with the present
document, or any of same that may have a limiting affect as
to the broadest scope of the claims now or later associated
with the present document. By way of example, should there
be any inconsistency or conflict between the descriptions,
definition, and/or the use of a term associated with any of the
incorporated material and that associated with the present
document, the description, definition, and/or the use of the
term in the present document shall prevail.

In closing, it is to be understood that the embodiments of
the application disclosed herein are illustrative of the prin-
ciples of the embodiments of the application. Other modi-
fications that may be employed may be within the scope of
the application. Thus, by way of example, but not of
limitation, alternative configurations of the embodiments of
the application may be utilized in accordance with the
teachings herein. Accordingly, embodiments of the present
application are not limited to that precisely as shown and
described.

We claim:

1. A method, implemented on a computing device having
one or more processors and one or more storage media, the
method comprising:

causing an X-ray source to emit X-rays to irradiate a

subject;
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generating an X-ray image of the subject, wherein the
X-ray image is generated using a detector that is
arranged to face the X-ray source to detect a portion of
the X-rays that pass through the subject;

causing to project, using an optical projection device, the

X-ray image of the subject on a surface of the subject;
determining one or more adjustment parameters based on
the projected X-ray image;
adjusting, based on the one or more adjustment param-
eters, a position of at least one of the X-ray source or
the detector relative to the subject to obtain a second
X-ray image; and

causing to project, using the optical projection device, the
second X-ray image on the surface of the subject,
wherein the second X-ray image includes one or more
regions of the subject that are different from one or
more regions of the subject included in the X-ray
image.

2. The method of claim 1, wherein the causing to project,
using an optical projection device, the X-ray image of the
subject on a surface of the subject comprises:

causing to project at least part of the X-ray image on the

surface of the subject at a region where the X-rays
irradiate the subject.

3. The method of claim 1, wherein

the X-ray source and the detector are installed at two ends

of a C-arm of an X-ray imaging device, respectively;
and

the one or more adjustment parameters include a direction

or an angle of a rotation of the C-arm.

4. The method of claim 1, wherein the optical projection
device comprises a driver board, a display panel, and a light
source, wherein the causing to project, using the optical
projection device, the X-ray image of the subject on the
surface of the subject comprises:

causing, using the driver board, the display panel to

display the X-ray image; and

causing to emit, using the light source, a light towards the

display panel to project the displayed X-ray image on
the surface of the subject.

5. The method of claim 1, comprising:

causing to receive, by a workstation, the X-ray image of

the subject; and

transmitting the X-ray image to the optical projection

device.

6. The method of claim 1, wherein the determining one or
more adjustment parameters based on the projected X-ray
image comprises:

determining the one or more adjustment parameters based

on the projected X-ray image using a learning module,
wherein the learning module is trained with historical
projected X-ray images and one or more adjustment
parameters associated with corresponding subsequent
manual operations of an operator.

7. The method of claim 3, comprising:

causing to generate, using an optical positioning device, a

position mark within the projected X-ray image on the
surface of the subject.

8. The method of claim 3, further comprising navigating
a mechanical arm, the mechanical arm supporting a load and
being mechanically connected to the C-arm, the method
comprising:

determining a first coordinate indicating a position of the

load in a first coordinate system related to maneuvering
of the mechanical arm;
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obtaining a three dimensional (3D) image of the subject,
the 3D image representing the subject in a second
coordinate system;
determining a relationship between the first coordinate
system and the second coordinate system;

transforming the first coordinate in the first coordinate
system to a second coordinate in the second coordinate
system; and

displaying a representation of the load in the 3D image at

the second coordinate in the second coordinate system.

9. A method of claim 3, further comprising:

obtaining a plurality of sets of training data, each set of the

training data including an indication signal that is
derived from an operator and represents an order to
operate the C-arm and an operation signal that is
directed to operate the C-arm in response to the indi-
cation signal;

establishing a relationship between the indication signals

and the operation signals;

acquiring at least one test indication signal;

determining, based on the relationship, at least one can-

didate operation signal in response to the at least one
test indication signal;

determining whether the at least one candidate operation

signal is accurately responding to the at least one test
indication signal; and

in response to a determination that the at least one

candidate operation signal is not accurately responding
to the at least one test indication signal, updating the
relationship based on the at least one test indication
signal.

10. The method of claim 4, wherein the optical projection
device includes a lens arranged between the display panel
and the subject, and a distance between the display panel and
the lens is adjustable.

11. The method of claim 8, wherein the first coordinate
system and the second coordinate system are associated with
different coordinate origins, wherein the determining a rela-
tionship between the first coordinate system and the second
coordinate system comprises:

calculating a mapping relationship between the first coor-

dinate system and the second coordinate system.

12. The method of claim 8, wherein the obtaining a 3D
image of the subject comprises:

obtaining a plurality of two dimensional (2D) images

based on scan data acquired by the detector at different
positions; and

reconstructing the 3D image based on the plurality of 2D

images.

13. The method of claim 8, wherein the determining a first
coordinate indicating a position of the load in a first coor-
dinate system comprises:

determining one or more mechanical parameters associ-

ated with the mechanical arm; and
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determining the first coordinate indicating the position of
the load in the first coordinate system based on the one
or more mechanical parameters.

14. The method of claim 12, wherein the reconstructing
the 3D image based on the plurality of 2D images comprises:

correcting the plurality of 2D images; and

reconstructing the 3D image based on the plurality of
corrected 2D images.

15. The method of claim 13, wherein the determining one
or more mechanical parameters associated with the
mechanical arm comprises:

determining position information of at least one joint of

the mechanical arm or type information of the load.
16. The method of claim 15, wherein the determining
position information of at least one joint of the mechanical
arm comprises:
acquiring a first parameter associated with a rotation of
the at least one joint or a second parameter associated
with a translation of the at least one joint; and

determining the position information of the at least one
joint of the mechanical arm based on the first parameter
associated with the rotation of the at least one joint or
the second parameter associated with the translation of
the at least one joint.

17. The method of claim 16, wherein the acquiring a first
parameter associated with a rotation of the at least one joint
or a second parameter associated with a translation of the at
least one joint comprises:

acquiring the first parameter associated with the rotation

of the at least one joint or the second parameter
associated with the translation of the at least one joint
by at least one sensor periodically.

18. The method of claim 9, wherein the at least one test
indication signal includes a plurality of test indication sig-
nals, and the determining whether the at least one candidate
operation signal is accurately responding to the at least one
test indication signal comprises:

determining a matching rate between the plurality of test

indication signals and the corresponding candidate
operation signals.

19. The method of claim 9, wherein the indication signals
include at least one of a voice command or an image
command, and the operation signals include at least one of
a position adjustment, a parameter setting, or a starting of
X-ray imaging with the X-ray imaging device.

20. The method of claim 18, wherein the determination
that the at least one candidate operation signal is not
accurately responding to the at least one test indication
signal includes that the matching rate between the plurality
of test indication signals and the corresponding candidate
operation signals is lower than a preset value.
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